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ABSTRACT
The Feldenkrais Method of teaching and learning of awareness of
movement has been receiving increasing interest from growing
numbers of physiotherapists, medical practitioners, psychologists,
athletes and performing artists and the general public.
The
approach is being used for the management and prevention of pain
and movement dysfunction, and for the restoration of fluency and
efficiency in posture, gait and as an approach in general or
specialised skill acquisition. Self- reports and case studies provide
some insights into the effects and influences of such an approach,
however there is virtually no scientific evidence to support these
interpretations. One of the suggested effects of the somatosensory
learning approach is that a person's "sensory capacities may be
greatly heightened, along with their ability to interpret and
organise their movements" (Wildman, 1986).
This thesis examines the effect of training on three psychomotor
tests.
The aim of the investigation is to discern changes in
performance of subjects who trained for one month. One group of
thirteen subjects was involved in a program designed to enhance
awareness of movement and posture. Another trained group of
seven subjects undertook a resistance exercise program using free
and fixed weights.
Three tasks were used to evaluate perceptuomotor acuity.
Two
tests measured the accuracy of directing a limb to a given position,
and one test measured the accuracy of estimating weights.
A
comparison was made between subjects' performance on these
tasks before
and after their training.
The performance of the
trained groups was compared to a group of ten normal control
subjects, who abstained from all physical training during the
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Results from these three tests indicate improvements in
performance in one of the tests for the resistance trained subjects
after training.
The results do not indicate that training in the
Feldenkrais Method influences performance on any of these three
tests of perceptuomotor acuity.

Except where acknowledged, this thesis presents the results of
original research and the material included has not been submitted
to a higher degree at another institution.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION
This thesis investigates the Feldenkrais Method. The experimental
work described in this thesis seeks to determine whether
perceptual-motor function is a valid criterion for testing the
effectiveness of training in the Feldenkrais Method.
The study
design incorporates two control groups; one receiving no
intervention while the other underwent strength training.
The Feldenkrais Method (Feldenkrais, 1949, 1972, 1981;
Brown, 1975; Lake, 1985,1988) is an approach to physical training
and movement education which aims to stimulate conscious
awareness of movement by training a person to pay attention to
their sensory experience of movement. In its practical application
the Feldenkrais Method is more a neuromuscular lesson than a
musculoskeletal exercise and takes the form of highly structured
movement explorations requiring sensory-motor commitment
(Feldenkrais, 1949, 1972, 1981; Hanna, 1985, 1988; Plummer,1982;
Wildman,1986). Consciousness of and attention to sensations of
movement is the aim of the lessons in which the intention is to
create a particular motor learning situation that stimulates
awareness and then poses movement problems that only heightened
awareness can solve.
1.1.1 BACKGROUND
The most prominent features to be included in the modern concept
of exercise has been the introduction of neurophysiological
processes imo exeruise (iHarris), 1984). it ib utfuuiiiiisy ii-'^ii^ci^iiiyiy
obvious that the development of strength and endurance involves
processes at all levels of the neuraxis and that "acquiring
proficiency in neural activity can influence the performance of
other physiological systems" (Bigland-Ritchie, 1990).
Neuromuscular co-ordination can improve overall
motor
performance by reducing the energy expenditure. Optimal motor
performance, where movement and actions effectively maximize
output with minimal energy expenditure, requires improved neural

processing (Bigland-Ritchie, 1990; Edgerton & Hutton, 1990).
Refinement of motor effectiveness and skill acquisition is
distinguished by the ease and accuracy of motor performance. It
can be achieved by training and involves increased awareness of,
and memory for, the sensations arising from the movement and
actions (Bigland-Ritchie, 1990; Laszio, 1990, 1983).
Re-evaluation of the conceptual framework and theoretical
underpinnings of exercise methods has been prompted by the
increasing recognition that continuous sensory feedback in
necessary for both the initial learning and the execution of learned
actions. Since evidence from the neurophysiology of proprioception
and kinaesthesis (McCloskey, 1978, 1984; Mathews, 1987) now
fully supports that kinaesthesis is needed for motor learning,
accuracy and functional adaptability then voluntary movement, its
learning and control can be regarded as fully feedback-dependant
(Laszio, 1990).
Neural integration of proprioceptive and
exteroceptive information is fundamental to the development of
postural stability (Reed, 1989; Woollacott, 1989), equilibriated
stance and gait (Thelen, 1989) and purposeful functional activity
(Harris, 1984, Laszio, 1990).
The growing body of evidence to
support function induced plasticity of the CNS (Harris, 1984; Jones
1985; Kaas, 1991) suggests that guiding the organization of
neuromuscular processes by attending to sensations of movement
as well as simply training movement may be a rational pursuit.
The fundamental assumptions of such an approach are that moving
and developing organisms are complex, co-operative systems which
require panicipaticn ana confluence of sensorimotor,
pyruepiuai,
and integrative neural components, vegetative support such as
respiratory and cardiac function, anatomical elements and
autonomic processes to ensure a functionally appropriate outcome.
This approach acknowledges that moving and developing systems
have certain "self-organizing " properties and will spontaneously
assemble responses that arise solely from the interaction of the
component parts but which are always specific to and organized by
context and delimited by the developmental status of the
components (Thelen, Ulrich & Jensen, 1989).

1.1.2 PURPOSE OF THE STUDY
Over the last twenty years, there has been a growing interest
among Australian health professionals and movement educators in
the Feldenkrais Method. A high proportion of the participants in
Feldenkrais training programs in Australia
have
been
physiotherapists. This approach is being used for the management
and prevention of pain and movement dysfunction.
It is being
applied to restore fluency and efficiency in posture and gait and as
an approach to generalised or specialised skill acquisition.
Self- reports and case studies provide some insights into the
effects and influences of the Method, however evidence to support
the variety of these interpretations is difficult to find in the
scientific literature.
As such, there is a need to evaluate the
Method and its outcomes. Evaluation of a techniques' efficacy is
based on evidence of carry-over effects; does the short-term
effect carry over into functional activities and does it carry over
into permanent improvement ?
1.2 ISSUES OF IMPORTANCE
Research aimed at producing outcome measures can be useful for
determining how efficacious a particular training session or lesson
may be for improving performance on certain tasks and evaluating
observable changes in behaviour following certain interventions.
However, this line of inquiry is premature if significant variables
ciiiu piuuesijtisf by yy!ii<ui! Oiictiiyt?, <yiiuwiii ciiiu icaniiii^ inciy OCCu» «o
result of engaging in Feldenkrais lessons have not been clearly
identified.
Thus initial investigations of the Method have an exploratory
component.
In the first place, there is little consensus regarding
the intended focus of the intervention or its outcomes, so the
relationship between the strength of the treatment and the
outcome is uncertain.
To make this situation more difficult,
complex interventions such as Feldenkrais lessons defy a simple

explanation.
It is a multifaceted intervention technique that is
difficult to reduce to its component parts and therefore is
impossible to minimize to a small number of consistent and
strictly controlled activities.
Hence the Method does not lend
itself well to traditional research approaches where the
independent variable needs to be administered to every subject in
the same standardized manner.
Many variables can influence the performance of subjects on tests
designed to measure treatment effectiveness.
Whether it be
attentional, motivational, cognitive, perceptual, sensory or motor
capacities, large individual differences exist in the normal
population (Bairstow & Laszio, 1978; Cohen, 1958).
No single
process can account for these individual differences.
In addition, there is no previous empirical research in the Method
on which to base the selection of variables so predictions about the
interrelationship of independent and dependent variables have
little conceptual support.
Therefore, understanding the
relationships between variables and testing their conceptual
relevance requires the posing of speculative research questions and
selection of test items and methods which, at this stage are only
inferred by current theories of motor control and learning,
attention and consciousness and neuromuscular adaptions to
training.
1.2 RANGE OF THEORIES AND RESEARCH CONTRIBUTIONS
i . z . i iviOTuh COriTROL ANu DEVELOPMENT
Models of human motor development and control, which have
historically evolved from observations of movements isolated from
the natural environment and in the absence of organic context,
regard movement as the result of either reflex mechanical
responses to stimuli or unitary motor mechanisms issued by
voluntary command from the brain.
This resulted in the
development of two theoretical notions to explain motor control.
Movement which is dependent on feedback is seen as occurring in

"closed-loop" system. By contrast, movement which does not rely
on sensory feedback is explained by the "open-loop" models for
motor control.
In this model movements are controlled via
centrally generated motor programs. These ideas form the basis of
hierarchical models of motor control and skilful performance
(Mulder & Hulstyn, 1984).
In these models, it is convenient to
suppose that sensory signals either contribute to the input side of
the reflex arc or have singular processing regions as their
destination and serve to establish and maintain a map or an image
of the external environment and the body, by which movements are
organised (Reed, 1989; Tracey; 1989; Matthews, 1987). One of the
main problems with these models is the problem of information
storage in the central nervous system (Mulder & Hulstyn, 1984).
Heirachical theories also cannot adequately account for the
individual variability of movement and the inherent adaptability of
action which is present at the start and continues throughout life.
In addition, the concept of posture is virtually absent in studies of
activity, and this has been responsible for some grave
misconceptions about movement, motor learning and control and
has perpetuated a motor bias in the study of movement (Reed,
1989).
Attempts to deal with the problem of movement flexibility lead to
the introduction of a "schema-governed" motor control model
(Schmidt, 1975).
In this model movement was not described in
terms of automatic efferent processes but in terms of rules for
movement construction.
Schmidt (1980) suggests that feedback
and proyrarn cuiil.'ui isetiU nui be inuiuciiiy eAulubivc anu iiiai
are probably flexible in the selection of the control process,
depending on the task itself, the attentional demands of the
situation, its accuracy requirements and the level of training.
Mulder and Hulstyn (1984) argue that Schmidt's schema theory as
still based on an open-loop notion and thus must be considered a
traditional heirarchical theory.
Since evidence from the neurophysiology of proprioception and
kinaesthesis (McCloskey, 1978, 1984; Mathews, 1987) fully

supports that kinaesthesis is needed for motor learning, accuracy
and functional adaptability then voluntary movement, its learning
and control can be regarded as fully feedback-dependant (Laszio,
1990). Naturalistic studies of movement provide little evidence of
mechanistic units governing performance
(Gurfinkel,1979;
Reed,1989; Thelen,1989; Clark & Whitall,1989; Woollacott et al.,
1989) but regard and describe movements as the result of
"functional and ecological patterning of actions which achieve
precision and specificity by competition and co-operation among
diverse systems and processes"(Reed, 1989).
Modern approaches in research acknowledge the dynamics of
convergence of sensorimotor elements and how this can produce
such a divergence of action in human behaviour. This approach is
demonstrated in the recent development of "distributed-control" or
"heterarchical-control" models (Mulder & Hulstyn, 1984). These
models emphasize the importance of studying total meaningful
goal-directed actions instead of movements.
In this school of
thought, action theory (Turvey, 1977, 1990, Newell, 1981, Whiting,
1980, Reed, 1982) shifts from the study of specific detailed motor
programs to abstract motor programs or action plans. It is also
evident in "dynamical control" (Thelen, Ulrich & Jensen, 1989; Reed,
1989; Woollacott, 1989; Thelen, 1990) or "process-oriented"
theories (Laszio, 1990). These models all strive to naturalise the
study of movement and all acknowledge the importance of
perceptuomotor and cognitive feedback.
It is the ability of the
nervous system to select, assemble and co-ordinate ensembles of
sensorimotor activity within various contexts that enables it to
•
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proficiency, the emergence of successful function .
This interpretation of motor performance, together with the
emerging view of posture as a perceptuomotor act, tightly
integrated with movement, and a functional component of all
"action systems" (Reed, 1989) supports an increased profile for
sensory, perceptual and cognitive processes in models of motor
performance and tacitly indicates that methods for improving the

effectiveness of motor performance can be reasonably based on
increasing awareness of the sensations of movement .
1.2.2 CONSCIOUSNESS AND ATTENTION
While sensation and movement and their contributions to cognition
and action have been, and continue to be the source of much
interest and debate for anatomists, physiologists, psychologists
and philosophers, a theoretical vacuum still exists, especially in
relation to the physical basis of consciousness and the relationship
between "knowing" and "doing".
Conscious experience depends on wakefulness and attention.
Adequate perception and processing of sensory information in man
requires consciousness and attentiveness (Jung, 1977). Conscious
perception is said to have at least two operant properties in
common to all the senses. The first is the localisation of percepts
as external to the brain and sometimes to the body itself
(McCloskey, 1978; Mackay, 1978); the letters on the page are not
seen on the retina or in the visual cortex but on the page of the
book and features of the road are felt at the tip of a blind person's
cane. The other is the localisation of percepts back in time, as
retroactive.
A time delay exists between the stimulation of
receptors and the resultant perception; this delay is discounted
and the perception is consciously perceived as if it coincided
simultaneously with the stimulus (McCloskey, 1978; übet, 1978).
Attentional mechanisms actively select mental contents which can
Cll l o o
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co-ordination of conscious perception (Jung, 1977). They are
evoked when input is of a high priority to the individual (Klein,
1974) and when certain mental operations are performed on the
input (Posner & Presti, 1987). They can guide the planning of
action by reckoning with features represented in the plan or
emerging in its execution and supervise the updating of conditional
readiness for action (Mackay, 1978). Central attentional
mechanisms are allocated flexibly to different information
processing stages, variable locations in memory, mental

operations, effector mechanisms and response processes
1976).

(Klein,

Posner (Posner & Presti, 1987) points out that the ability to
perform many cognitive tasks and the development of appropriate
control over motor performance depends on the convergence and
interference of sensory signals from all receptors and then
inhibiting responses to certain sensory stimuli or associative
responses.
He suggests that frontal areas may be involved in
attention decisions and information selection for coherent goal
directed performance.
Evidence that attention to a somatosensory stimulus can improve
its detectability and modify neuronal responsiveness (Bushnell et
al. 1980; Nelson, 1984) suggests that active discrimination of a
stimulus may result in some recalibration of the perceptual
process. Kamen and Morris (1988) found that the interval between
initial motor unit firing and movement initiation is affected by
alterations in sensory conditions.
Commitment of attention
increases the likelihood that attended items will be remembered
and responded to (Klein 1976). Klein also found that anticipated
corrections in a discrete tracking task required more attention
than unanticipated corrections.
Klein's investigations of the role of attention in the processing of
visual and kinaesthetic cues in the acquisition, initiation and
control of movement showed that vision dominates kinaesthesis at
the level of central attention (Klein & Posner, 1974). However, this
blab appears iu b^ saiyeiy iseiuiiucii ui jjitfiei it?u, viSua! inpuiS ¿eciVs
to be inferior in activating attention and provide less than optimal
information (Klein,1976; Kamen & Morris,1988).
Responses to
proprioceptive cues alone are more rapid than when both vision and
proprioception are available and proprioceptive stimuli are
superior in the process of learning new motor skills (Kamen &
Morris 1988).
Klein suggests that visual dominance may be a
strategy developed to overcome the relative impotence of visual
inputs (Klein 1976).

1.2.3 SENSORI-MOTOR ADAPTIONS TO TRAINING
Strength training has been found to increase the degree of
synchrony within the activated motor units (Cannon & Cafareili,
1987; Bigland-Ritchie, 1990; Edgerton & Hutton, 1990) and it is
possible that training influences recruitment patterns both within
and among motor pools (Edgerton & Hutton, 1990). Cannon &
Cafareili (1987) found evidence of a decline in force sensation
after training and attributed this to increases in muscle proteins
and a corresponding decrease in receptors per unit volume since
they saw no apparent physiological or morphological changes in the
muscle receptors after training.
Increases in strength without hypertrophy, which occur in the first
3-4 weeks of training have been well documented (Cannon &
Cafareili, 1987; Edgerton & Hutton, 1990).
This improvement is
attributed to adaption of the neural elements of movement which
occur both centrally and peripherally.
Peripheral neuromuscular
adaptions which result in strength gains are attributed to
sprouting of new alpha motoneuronal processes which branch out
and establish increased contact with muscle fibres (Harris, 1984)
and to changes in oxidative capacities of motoneurons in response
to chronic exercise training (Edgerton & Hutton, 1990).
Increase in central neural drive is also likely to be the means
whereby maximal-force production is enhanced and strength gains
after training have been observed in untrained contralateral
muscles (Cannon & Cafareili, 1987). Acquired accuracy of motor
control, ai one joini, as a resuit of training, hatj aibu been
demonstrated to be transferable to another joint on the same limb
(McCloskey & De Domenico, unpublished observation cited in
McCloskey 1984). The extent to which such training effects are
generalized to other joints or the same joints on opposite side of
the body has not been established. It may well be that central
adaptions of a sensory nature are similarly transferable.
Experiments in voluntary control of individual motor units
(Basmajian, 1979; Petajan,1981) have demonstrated the capacity

of subjects' to voluntarily control the rate of firing of motor units
and to separately activate and inhibit single motor units. Although
subjects' proprioception was facilitated by means of external
auditory and visual feedback and considerable variation in skill
was found, some subjects were able to continue to do so in the
absence of external feedback.
Subjects with good ability to
differentiate between individually trained motor units, went on to
produce a variety of reproducible rhythms and beats (Basmajian,
1979 ). These results suggest that pathways from the cerebral
cortex can stimulate single anterior horn cells while actively
inhibiting or excluding others and demonstrates the ability to
consciously make very fine adjustments to the firing rates of
motor units.
Burke (1982) demonstrated that a calibration of the spindles
occurs especially in response to slow, voluntary movements of low
amplitude. He suggests that the role or function of muscle spindles
may not be limited to modulating the stretch reflex but rather, and
more importantly, suggests that muscles spindles appear to be
designed for motor learning.
Among his conclusions about the
function of the fusimotor/muscle spindle/stretch reflex system in
motor control is the observation that the reflex pathway may
contribute little to the total excitatory drive to motor units in
voluntary contraction but rather exerts a profound influence on the
precise timing of motoneuron discharge.
Modification of the
spindle discharge via activation of fusimotor neurones in voluntary
contraction does occur, but only (1) when the contraction is
isometric or (2) when muscle shortening is slow and (3) when the
contracting muscie works againsi a load. Under liiese conuiiiurib,
background discharge of the spindles will be capable of responding
to unprogrammed irregularities in the movement (Burke, 1982).
Further to this, Burke's investigations have challenged traditional
ideas about muscle tone resulting from fusimotor activity.
He
contends that there is little, if any fusimotor drive to noncontracting muscles and that normal muscle tone is not dependant
on the level of fusimotor activity but possibly to elements of nonneural origin eg. mechanical properties of muscles, ligaments and

joints (Burke, 1982). Edgerton & Hutton (1990) propose that the
neuromuscular system is able to utilize a significant amount of
elastic strain energy to generate power which must be accounted
for by the nervous system.
Recent investigations of motor unit types, their recruitment and
the regulation of the motoneuron discharge frequency have
expanded the theoretical explanation of the orderly recruitment of
motoneurons based on the size principle (Burke, 1981; Grimby &
Hannerz, 1981; Clamann, 1981; Hainaut, Duchateau & Desmedt,
1981). Where the size principle was developed in relation to the
innervation of extrafusal muscle fibres, it has recently been
extended to include group I and II sensory fibres (Stein & Bertoldi,
1981). Clamann (1981) found a reversal in recruitment order of
alpha motoneurons that was not functionally related to cell size
and proposed the existence of a level of control laid over the size
principle, which in no way invalidates the principle itself. An
issue of some relevance to training is his conclusion is that
synergist muscle pairs which are comprised of different relative
amounts of red, slow and white, fast muscle are controlled in
different ways. Their order of activation is dependent on movement
speed, with slow movements always initiated by the slow muscle
while rapid movements may be initiated by either. A relatively
unpredictable flexibility in recruitment order of intermittentlydischarging short-interval motor units and continuouslydischarging long-interval motor units under different contraction
conditions was demonstrated by Grimby & Hannerz (1981). In their
experiments, subjects were moderately successful in adjusting the
I c;oi u i i i i i c i II

Oi Mc«

v¥ini

110.11 l i i i ^ .

Burke's (1981) review of the critical factors in the dynamic
control of motor unit populations by the central nervous system
provides good evidence for the existence of fluctuations in
functional threshold of a given motor neuron in relation to other
cells in the same pool. This enables variability of threshold
gradients within a motor pool independently of the variations in
the population response. The resulting continuous distribution of
functional thresholds throughout a given motor pool is due only in

part to intrinsic characteristics of the motoneuron itself but also
to the "emergent properties of the entire spinal segment system,
which includes primary afferent terminals, interneurons and extra
segmental afferents" (Burke, 1981). In light of this, he states that
there is no indication for the existence of separable functional
categories of motor units or motor neurons or muscles such as
phasic, fast twitch and tonic, slow twitch but rather a spectrum of
functional thresholds with the capacity for selective activation on
a sliding scale depending on the prevailing movement conditions.
He favours the idea that under certain conditions, major
restructuring of relative threshold grades is possible.
It seems
reasonable that such "certain conditions" could only be recognised
via the prevailing sensory input.
1.3 RESEARCH QUESTION
The experiments reported in this thesis were conducted as part of
larger research project (Saraswati, 1990), which was designed to
initiate investigation of a number of criteria which may be
influenced by training in the Feldenkrais Method. These included
respiratory movements, postural muscle activity, kinaesthesis and
perceptual-motor function.
In regard to the Feldenkrais trained subjects, these studies have
been conducted under some constraints. The timing of the tests
and the subject sample was dictated by the occurrence of an unique
occasion where a large group of people had undertaken an intensive
training period.
Their training, lasting six hours each weekday,
iiivulvcu ooi'iiiMua! rsiTiinCjoro, by irainecl insiruCiorG, to rrickc thc;r
movements as effortlessly as possible while directing attention to
the sense of movement of their head and neck, limbs, trunk and
pelvis.
This provided a rare opportunity for the study of the
effects of Feldenkrais training and the observations contained in
this thesis form only part of the investigations performed on these
subjects.
Saraswati (1990) investigated the effects of Feldenkrais training
on subjects' respiratory movements and postural muscle activity

showed trained subjects to have a deeper and slower rate of
breathing, an increase in peak flow rates and a increase in
expansion in the thorax, notably the lower rib cage, and of the
abdomen compared to controls. Experimental subjects also showed
an increase in EMG activity of erector spinae muscles after the
training period which correlated well with the change in their
respiratory movements.
His investigations suggests that slower
deeper breathing is associated with trunk posture and that
spontaneous postural adjustments may occur as a result of training
in the Feldenkrais Method.
One claim regarding the effects of training in the Feldenkrais
Method is that a person's "sensory capacities may be greatly
heightened, along with their ability to interpret and organise their
movements" (Wildman, 1986).
Part of Saraswati's report looked at
kinaesthetic acuity.
His test were unable to discern any
differences in kinaesthetic sensitivity between the trained and
untrained subjects, however they did provide a methodological
trial.
In his conclusion he questions the appropriateness of
kinaesthetic testing.
The test items described in this thesis were applied to the same
Feldenkrais subject sample used by Saraswati. Three movement
tasks were used as a means to observe differences in perceptualmotor performance pre- and post training.
The performance of
these subjects were compared to those of a subject sample who
undertook strength training using resistive exercises and a normal
control group which did no training during the experimental period.
The decision to test perceptuomotor capacity was based on
Wildman's (1986) claim that a person's ability to interpret and
organise their movements was an outcome of training in the
Method. Due to the lack of any previous peer-reviewed empirical
research into the Method, there is no evidence to support his claim.
This thesis investigates the possibility of detecting measurable
changes of performance in three simple psychomotor tasks after
training.

1.3.1 THE PRESENT STUDY
The problem to be investigated in this thesis concerns the
measurenfient of performance on three perceptual-motor tasks.
Two of the tasks involve directing the upper limbs to a given
position; the first is a limb matching task and in the second the
task is to relocate the limb to a remembered target external to the
subject's body. The third is a weight comparison test.
Three groups of normal healthy subjects are compared.
All
subjects are tested twice; once before and once after an
experimental period of 6 weeks. Two of the subject groups are
trained and one, a control group, is untrained. One experimental
group is trained for four weeks in a method which focuses on
attention to kinaesthesis and the other is trained for the same
length of time with resistance exercises.
The training of the
resistance group is specifically limited to only four weeks as this
is the period in which strength gains without hypertrophy of the
muscle can be distinguished (Cannon & Cafarelli, 1987; BiglandRitchie, 1990; Edgerton & Hutton, 1990).
The aim of the investigation is to discover whether training in the
Feldenkrais Method will improve the performance on the test items.
Pre-training level of accuracy of performance on the three tests
are compared with post-training results. Measurement of
performance of the resistance trained group could give some
indication of a distinction between kinaesthetic training and
resistance training.
The results from the Control group will
provide an average accuracy un iiitibe iebls aiiu a uuujpaîîou!!
their results before and after a six week experimental period may
give an indication of the sensitivity of the test and/or its
appropriateness.
Because the Kinaesthetic group are trained to be aware of and pay
attention to sensations of movement, an improvement in
performance following training is expected.
Improvement in
performance of the Resistance group pre- and post- training is not
expected. Because this group may come to rely more on judgements

based on the size of a centrally generated motor command, which is
less accurate than estimations based on sensory afferents, their
accuracy may even deteriorate post-training.
1.4

ACCURACY OF LIMB POSITIONING

The ability to direct a limb to a given position is commonly used
for
quantitative assessment of percetuomotor capacity. The
ability to accurately move and locate a limb depends on the
integrity of motor, sensory and integrative process. This
introduces a range of complications to measures of the accuracy of
this ability (De Dominico & McCloskey, 1987; Cohen, 1958; Bairstow
& Laszio, 1978; Laszio & Bairstow, 1980) These are:
(i) the accuracy of kinaesthetic sense in the experimental or
reference limb(s), the accuracy of the original moment-to-moment
perception;
(ii) the effectiveness of comparison and translation of this sense
between the two limbs or the same limb upon repetition, accuracy
of percept formation and of memory
(iii) the accuracy of motor control in the limbs as well as the
reliability of replication of the motor pattern, the accuracy of
conversion or translation of the stored percept into a recalled
movement pattern.
"Internal
are also
locating
contends

neural calibrations" of the different sensory
processes
cited by McCloskey (1978) as influential in accurately
a target and guiding a limb to it.
McCloskey (1978)
that "limitations of performance in directing a limb are
V\x> esrsr\e>r%»-M fo+K^r •h-an mritnr H j ct ij rha p ^ oo" y/ariniic

sensory experiences can modify this calibration; body sway and
small postural changes may influence performance this way.
Subjects are probably flexible in the selection of feedback- or
program-control of their movements and their estimations of their
movements (Mulder & Hulstyn, 1984, McCloskey, 1978, Gandevia,
1987, Schmidt, 1980) and the extent to which any particular
sensorimotor element or process contributes to this is never
certain. Selection depends on the characteristics of the task and
its accuracy requirements, the attentional demands of the

situation and the level of training or past experiences of the
subject (Schmidt,1980).
The method by which the subject tries to locate the target is
important. Pointing is most accurate with visual location and
relocation to the target is less accurate when the arm is lowered
first than when the arm is held extended nearby. Locating with one
arm and pointing with the other is least accurate. When the target
is another part of the body, errors will be compounded because the
task involves simultaneous use of kinaesthetic information from
the moving parts and the kinaesthetic abilities involved in locating
the target (McCloskey, 1978). However active positioning of the
target limb will give more consistent and accurate alignment than
passive positioning by an experimenter (Palliard & Brouchon,1974;
McCloskey, 1978). De Dominico & McCloskey (1987) found that
kinaesthetic acuity was similar for the right and left arms for
elbow matching in normal subjects.
Another important consideration is the subjects ability to
remember the position of the target. According to McCloskey
(1978) "proprioceptive memory is good". Some studies (Marshall,
1972; Posner, 1967; Posner & Konick, 1966) showed that absolute
error of recall increased with the extent of the criterion
movement. Other studies have been unable to confirm this (Jones,
1972; Stelmach, 1970).
*

Accuracy of directing a limb to a given position has been often
studied in terms of the accuracy of recall of simple movements and
tnus nas oeen pnncipauy concernea wiih reieniion characieiibilub
of kinaesthetic information (Bairstow & Laszio, 1978). In active
limb matching tasks, where a time delay exists between the
positioning of one limb and matching with the other, accuracy of
matching to the target limb deteriorates with time. After a delay,
the error in matching movements is likely to increase and to fall
short of the target rather than to overestimate its location
(McCloskey, 1978; Palliard & Brouchon, 1968). For longer time
delays, (>10-15 seconds), errors of matching approximate those
following passive positioning (McCloskey, 1978).

Keele and Ells (1972) showed that variable error after a delay
between positioning and matching increased with amplitude of
criterion movements.
Small amplitudes are likely to be
overestimated by 5-15% when recalled after a short retention
interval
(<10 seconds), while large amplitudes
will be
underestimated around 5% (Keele & Ells, 1972; Laabs, 1973;
Marteniuk et al., 1972; Stelmach, 1970; Stelmach & Wilson, 1970).
1.4.1 ELBOW MATCHING AND ARM POINTING
Two tests of the accuracy of limb positioning were applied to
normal subjects; one based on the investigations by De Dominico &
McCloskey (1987) on the position sense at the elbow, and the other,
on Cohen's analysis of position sense in the human shoulder
(Cohen,1958).
Subjects are required to point to a specified target
in the absence of vision.
There are some fundamental differences in the two tests. The first
test, elbow matching, measures accuracy of locating the limbs in
terms of fineness of control of angular rotation. The second test
involves a more proximal joint; the shoulder. In this test, accuracy
was assessed in terms of linear displacement of the end-point of
the limb, the tip of the index finger.
Arm pointing differed from the elbow matching test in several
other ways. Posture and positioning of the subjects during each of
these test was different.
During elbow matching, subjects are
seatea ana their neck position is standardised by resuciiiiiny ilie
head in a special head halter. The wrist joint is also constrained
by the application of a splint. While these limitations attempt to
ensure a similarity of performance of the task they may also have
adverse effects on a subject's performance.
The constraints
prohibit a subject from using their most natural and fluent way of
performing the task and it can not be certain how unnatural, or to
what extent the required position deviates from any subject's
habitual or normal posture.

In the arm pointing experiment, beyond positioning subjects with
the shoulder of the indicating arm opposite the centre of the
circles, they were permitted to adopt their usual or habitual
posture and make automatic postural adjustments when lifting
their arms to point to the target.
Minor postural adjustments,
slight uncontrolled body sway during the pointing task and the
overall reliability of the balancing mechanisms of the body in
standing and reaching may also influence the subject's
performance.
Another distinction between the two tests of limb position is that
knowledge of the results was available for arm pointing after each
trial and not revealed at all in elbow matching.
Knowledge of
results can
provide reinforcement, information and motivation
(Newell, 1976). The elbow matching experiment, by denying this
knowledge, forces the subject to rely on more on kinaesthesis. For
the arm pointing tasks, while the learning effect may have been
minimized by randomization of trials at all target points, Newell
(1976) states that in simple positioning tasks, whether linear or
angular, so few are the processes involved with knowledge of
result that a 1- to 2- second post result-knowledge interval is all
that is required to optimise learning rates.
The analysis of position sense at the shoulder joint made by Cohen
(1958) formed the basis of the tests of arm pointing used in this
experiment.
Cohen's comprehensive investigation provided a
quantitative estimate of the magnitude of the errors of position
sense at the shoulder. The recorded mean displacement error or
average accuracy rrom len uiais ai each or 46 reierenue po'un^
over six subjects in Cohen's study varied from 2.1 to 4.1 cms. He
observed that the average displacement over the ten trials for each
target or reference point varied considerably, with the same
subject commonly demonstrating extremes of accuracy over the
twelve reference points on any one circle. On comparison of
average errors of different subjects at a given point, he found large
individual differences and concluded that it was not possible to
pick out single reference points and designate them as a most or
least accurate position of the shoulder for all subjects.
His

investigations revealed that displacement errors or general
accuracy of relocating the remembered target was neither affected
by mild distraction nor by moderate degrees of fatigue. He also
found "no correlation between accuracy and the reference-to-trialpoint time" (Cohen, 1958).
Upon repeated testing of the same
subjects on different days he found that a single value representing
the overall accuracy of an individual could be predicted with only
three trials per point.
Abbreviated testing for the accuracy of position sense at the
shoulder joint of 91 subjects yielded a mean displacement error of
3.3 cms. He then suggested that the accuracy of positioning must
be at least twice as good as this, i.e. 1.7 cm. because subjects had
to rely on their position sense twice; the first time to sense the
position of their arm resting on the target point and a second time
when replacing their arm to the remembered location of the target.
1.5 WEIGHT MATCHING AND PERCEIVED HEAVINESS
The weight matching test requires the subject to judge if two
weights presented simultaneously are equal in weight. Changes in
acuity may become evident in a change in the threshold at which
weight differences can be accurately detected and may also be
revealed if accuracy changes when the absolute weight, in which
the difference is being tested, changes.
Judgement about weight requires a grading of effort and estimation
of muscular force. Perception of heaviness relies on unconscious
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registration of the gamma-efferent nerve activity present at the
time of the lift, and the subjective perception of the magnitude of
the motor command chosen to attempt the lift. These sensations
do not arise from the discharges of afferent nerves, but from
within the central nen/ous system as a result of, or together with
the motor commands and are not perceived as position and
movement but rather as a sense of effort. Afferent signals from
peripheral
proprioceptors will also contribute to
weight
estimations if the weight is successfully lifted, and thus can

contribute to conscious perception of the action.
With slow or
sustained contraction, the afferent signals can be a reliable source
of information about weight; however most people tend to rely on
estimating the intensity of the motor command, even when this
strategy leads to error (McCloskey, 1978; 1981;1982;1984 ).
The simplest demonstration of the reliance on the sense of effort
in estimations of weight occurs when weights lifted by fatigued or
paretic muscle are sensed as heavier than when lifted under normal
conditions. Deficiency in strength is often reported as a heaviness
of the limb rather than a weakness (Gandevia & McCloskey, 1977).
The signals from the afferent, peripheral elements contribute to
weight estimation in at least two ways.
First these signals
indicate whether or not the motor command is sufficient to lift or
move the object. If the command produces insufficient muscular
exertion, the weight will not be moved and no estimation of weight
can be made. When a weight is successfully lifted or moved by a
subject deprived of information from the periphery, failure to
perceive the movement of the weight will be interpreted as if the
weight was too heavy to be moved.
Second, signals of actual
achieved muscular tension are mediated by the peripheral receptors
and "may not always be disregarded in weight estimations"
(Gandevia & McCloskey, 1977).
Changes in the sensory input will alter perceived heaviness and so
the amount of discharge from the muscle spindles, which will
change under different conditions of gamma-efferent activity of
ihe spindles and is of sorne ¡rnporianue. Auyiiitjulwu 5>eiibuiy ¡iif-»ui
from a digit also has a lightening effect on the perceived heaviness
of a weight lifted by an adjacent digit (Gandevia & McCloskey,
1977).
From this investigation into the sensory effects on
perceived heaviness, Gandevia & McCloskey (1977) concluded that
in the performance of co-ordinated motor tasks, sensory inputs
from the entire co-operative field will modify the perception of
effort in a single contributing muscle.

CHAPTER 2

METHODS

2.1

SUBJECTS

Thirty four subjects of both sexes, (68 in total) took part in an
experimental program to determine the effects of two training
regimes on the performance of three perceptuomotor tests. All
subjects were volunteers and their ages ranged from 20 to 50
years. They were interviewed before the commencement of the
testing and were asked to respond to a questionnaire (Appendix
1.) which surveyed their general health and lifestyle habits. No
subjects had any history of sensorimotor impairment.
In addition to the survey, pre- and post- survey, measurements
of blood pressure, pulse, respiratory function, trunk and limb
girths, height and weight were also taken. These records served
several purposes; namely:
(i) they were used, together with the subjects' self reports in
the survey, to establish subjects' physical and behavioural
profiles,
(ii) they enabled comparison between pre- and post- tests of
individual subjects' physical and behavioural characteristics,
(iii) they served as a screening process to exclude from the
study any subject who was not in good health,
(iv) they helped to determine the homogeneity or heterogeneity
of the sample.
The subject sample can be divided into three groups.
GROUP 1.

Kinaesthetic group

Thirteen subjects, (seven females and six males) were
participants in a program which taught methods of enhancing
awareness of kinaesthesia. The program, comprising eight fourweek segments over four years, used the Feldenkrais Method.
All of these subjects had completed two segments of this

program; at the time of their initial testing it was six months
since the last segment and their third segment was imminent.
GROUP2.

Resistance group

Seven subjects, (four females and three males) were students of
Human Movement Science. This group was asked to participate
in a strength training program for four weeks. Their program
used the technique of progressive overload and was based in the
methods developed by De Lorme and Watkins (Colson & Collison,
1983). None of these subjects had any previous experience with
weight training.
GR0UP3.

Control group

Ten subjects (five females and five males) were members of the
general public and had no history of weight training or
sensorimotor training.
They were asked to refrain from
undertaking any such training until the completion of the
testing. This group served as the control.
2.2

THE EXPERIMENT

The experiment was designed to test methods for measuring the
effectiveness of Feldenkrais training and resistance training.
All subjects were tested on two simple motor tasks and one
psychometric task. Tests were applied twice; before and after
a minimum period of one month and a maximum period of six
weeks.
(inis win oe reierrea to as the experimenicii ui
treatment period.)
2.3
2.3.1

TREATMENTS
Kinaesthetically

trained

group.

The training program of the Kinaesthetic group was independent
of this study; these subjects were one year into their
professional training at the time of testing.
During the

treatment period, this group's training was very intense and
concentrated compared
with their reported frequency of
practice since the last segment of their program, six months
previously.
Six of these subjects said that they did no formal
exercises in the method outside of the training segments. The
average frequency of individual practice among the remainder of
this group was four hours per month. (Data are from Health and
Lifestyle Questionnaire, Appendix (1) .) By contrast, during the
treatment period, subjects attended six hour training sessions,
five days per week, for four weeks.
During the Feldenkrais
Program their training consisted of
kinaesthetically based movement lessons.
As a group, they
participated in verbally directed movement lessons for a
minimum of three and a maximum of four hours per day. All
subjects also had one private lesson per month (lasting one
hour), with a trained practitioner,
using a non-verbal (tactile)
style of lesson.
Subjects, in this group, saw their Feldenkrais training as a form
of somatosensory learning.
Their descriptions of their past
experiences with this method of training, their expectations
from the imminent segment and their impressions at the
completion of the segment
were similar in that they all
believed that they were exercising their kinaesthetic capacities
and that this enhanced neural processes and facilitated
sensorimotor improvement.
Z.CÎ.Z

Resisïance trained

yruup.

The program for the weight trained group was specifically
designed for the purposes of the experiment. In the four week
treatment period, this group undertook one hour of weight
training three times a week. The program consisted of a warm
up, specific stretching, weight lifting routine and a warm down.
The weight routine included both upper and lower body but with
an emphasis on the upper body muscles because all the tests
used in the experiment
involved the use of the arms. The

strength of the arms of these subjects was assessed before and
after the treatment period. Pre- and post- measurements of the
girth of the chest, the upper arm and the forearm were also
taken.
(Weight training program, specific exercises,
strength
and workload calculations are described in detail in Appendix 2.)
The short duration of the training was a critical element in the
design of this program. The aim was to increase the subjects'
strength without causing trophic changes in the muscle.
The
strength gains could then be substantially attributed to a neural
facilitation (Guyton, 1984; Atha, 1981; Lamb, 1978; Westcott,
1982; Noble, 1986; Fleck and Kramer, 1988). Subjects in this
group were not made aware of this goal and generally believed
that they were training their muscles for the improvement of
strength.
2,4

TESTS

The tests, which are described fully in the following passages,
focused on three distinct perceptuomotor capacities; namely:
(i)
an elbow matching task; knowledge of limb
positions.
(ii)
a task of pointing and relocating the arm;
memory of movement and location.
( i i i ) a weight comparison task ; perception of
heaviness.
2.4.1 KNOWLEDGE OF LIMB POSITIONS - elbow matching.
This experiment tested the subjects' ability to match the angle
formed at the elbow on one arm, with that on the other arm. The
subjects' task was to bring the tips of their index
fingers
together, in front of themselves, in the absence of visual or
tactile feedback. The accuracy of matching was determined by
measuring and recording the size of the misalignment of the
finger tips in each trial.
The testing procedure was similar to
methods described by DeDominico & McCloskey (1987). See
Figure 4.1.

FIGURE 2 . 1 : ELBOW MATCHING - testing the accuracy of aligning similar
joints on opposite sides of the body.
Halter

to

maintain fixed

head

position

Blindfold

PERSPEX SCREEN

SUBJECT

Graduations marked
every 2 degrees of
angular
rotation

A perspex screen, marked in graduations corresponding to
degrees of angular rotation, enabled measurement of tlie
misalignments. Each mark represented two degrees. The screen
was mounted perpendicular to a table and positioned in such a
way as to extend in front of the subject in the media! plane. The
screen was equipped with a moveable head halter on the edge
closest to the subject.
ciiKiiar>+o e>o+ «at •ho tsb!^, \*/!íh slbows OP the ísb'e,
o*^"^ ^rw
on each side of the screen.
The halter was adjusted to a
comfortable height for each subject and the subject placed their
forehead in the halter. This was to ensure that the posture of
the head and neck remained constant throughout the test. Light
splints were secured to subjects' wrists, to maintain this joint
in a constant position, and to prevent the subjects from using
movement at the wrist joint in attempting the matching task.
They closed the fingers into the palm, making a soft fist and
then lightly extended only their index fingers,
pointing them
inwards, toward the screen.
Subjects were instructed in the

task and allowed
blindfolded.

a short

period to

practice

before

being

Each trial began with the subjects' forearms lying at rest, on
either side of the perspex screen, with the ulnar side of the hand
on the table and the radial side of the hand directed toward the
ceiling. In this position the flexor surface of the forearms faced
the screen. The subjects performed the matching task by lifting
their forearms vertically while their elbows remained on the
table.
The lifting of the forearms changed the angle at the elbow; from
the resting position to full flexion, an excursion of 90^ of
angular rotation was possible. Subjects were asked to lift their
forearms off the table and to select a position within this range
without touching the screen with their index fingers. Only when
they had selected a position, were they permitted to place their
index fingers on the screen. This eliminated the possibility that
the matching task would be influenced by tactile feedback from
the finger tips moving across the screen.
Three conditions were applied to subjects' selection of position.
They were requested to :
(i)
choose a different position for each trial.
(ii) avoid the first 10 -150 (since it was likely that
in this first part of the available range they would use cues
from the skin of the forearm as it left the surface of the table).
(iii) avoid the last 10 - 15^, as the elbow approached
Tuii rlwxiun (binot?, in iiiio pcii i oi inc range, the positicn senss
would be influenced by greatly increased input from receptors
in the joint capsule of the elbow).
Tests were performed under different conditions, with the
forearms moving simultaneously and with one arm indicating and
the other matching with ten or twenty seconds delay between
the moving arms. In the tests involving a delay, both the right
and the left arms were tested as matching arms.
The five

different testing situations are described below and are listed
in order of application.
1. Forearms move simultaneously. Twenty trials;
misalignments recorded from position of left arm
(relative to right).
2. Right arm indicating position; left arm matching
after ten seconds. Ten trials; misalignments recorded
from position of left arm.
3. Left arm indicating position; right arm matching
after ten seconds. Ten trials; misalignments recorded
from position of right arm.
4. Right arm indicating position; left arm matching
after twenty seconds. Ten trials; misalignments recorded
from position of left arm.
5. Left arm indicating position; right arm matching
after twenty seconds. Ten trials; misalignments recorded
from position of right arm.
Misalignments were recorded in degrees of angular rotation at
the elbow and, depending on the position of the matching arm
relative to the indicating arm, were designated as positive or
negative. When the excursion of the matching arm exceeded the
indicating arm; coming to rest with greater elbow flexion than
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matching arm came to rest in more extension than the indicating
arm, the misalignment was negative.
2.4.2

MEMORY OF LOCATION - arm pointing.

This test was applied to measure the ability to relocate the
arms to a remembered target. The subjects' task, in each trial,
was to attempt to return their arm accurately, in the absence of
vision to a specified point which they had already seen and

touched.
The accuracy was determined by measuring and
recording the distance between the target and the remembered
target. The testing procedure was adapted from the experiments
of Cohen (1958) on the memory of position sense at the shoulder.
See Figure 4.2.

FIGURE

2 . 2 . ARM

POINTING: testing the accuracy of returning a limb to a

remembered position, in the absence of vision.

TARGET SHEET

SUBJECT
eyes open to
locate target
point, eyes
closed to
relocate.

Two concentric circh
marked as a clock fa(

Right AC joint
opposite centre
of circles, for
right arm pointing

Two concentric circles were drawn on a sheet of paper;
the
smaller circle had a diameter of 23 centimetres, and the larger,
a diameter of 65 centimetres. Each circle was marked, on its
circumference, with twelve equidistant points. The points were
numbered from one to twelve and were located in
positions
similar to the numbers on the face of a clock. For the test, this
target sheet was mounted on a wall. Two sheets were used for
each subject; one sheet for the tests before, and one for after
the experimental period.
To ensure that the target sheet was placed at the same height
for both tests, the height of the subjects' acromion from the
floor was used as a standard.
The length of the subjects' arms
was also measured and recorded. With this measurement, the
size of the displacements were later adjusted to a standard arm
length of 70 centimetres, enabling a comparison of the data
between subjects and with Cohen's results (Cohen,1958).
Considerable attention was given to the subjects' position. The
subjects stood in front of, and facing the target sheet.
Their
position was adjusted depending on whether the right or the left
arm was being tested, and depending on whether the tests were
to be performed on the large or the small circle. For each of the
test situations, the common centre of the circles was directly
opposite the acromion of the arm being tested and at the height
of each subject's acromion. In order to access the target
positions, the shoulder was required to move through a range of
positions relative to the body, however, the elbow, wrist, hand
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subjects Stood close enough to the sheet so that they could
comfortably reach all the points on the circle, without straining
the arm or leaning the body.
A small coloured marking felt was attached to the subjects'
index finger-tip with adhesive tape.
The arm's position was
thus recorded, every time the finger touched on the target sheet.
By using two different colours, the responses of the right arm
could be distinguished from those of the left.

After instructions and a brief rehearsal the testing commenced.
The right and left arms were tested on the large and small circle
in the following order :
1.
2.
3.
4.

Large
Large
Small
Small

circle; right arm.
circle; left arm.
circle; right arm.
circle; left arm.

Each trial began with the subject standing comfortably, (in the
correct location relative to the target), with their arms hanging
down at their sides. A number, between one and twelve, was
called; the subject placed their index finger-tip on the point on
the circle, corresponding with that number, leaving a coloured
mark. While on this point they closed their eyes, and remained
on the point for a few seconds, so that the last impressions of
their position would be non-visual, before returning their arm to
their side. Then, with eyes still closed, the subjects raised
their arm again and placed their finger-tip on the remembered
point, leaving another coloured mark.
Numbered points on each circle were tried three times each, by
both arms. Individual trials of the points were performed in
random order, to minimize any learning or fatigue effects.
Randomization was achieved by numbering three sets of chits,
from one through twelve, and then mixing these thirty six chits
in a container. The trial began with the experimenter drawing
OUT a chit a n d u a i i i n y iii« n u m i j e r .
When uit? òuujcoi IiaCi
responded with the arm pointing task, the chit was placed to one
side and another one drawn, and so on, until all points had been
trialed three times.
2.4.3
PERCEPTION
comparison.

OF

HEAVINESS

-

weight

The purpose of this test was to establish a threshold at which
differences in weight could be accurately detected, and to see if

this threshold varied with the absolute or total weight in which
the difference was being tested.
Subjects were asked to
compare two weights, presented simultaneously and similarly.
Apparatus and testing procedures were adapted from the
experiments of McCloskey, Ebeling & Goodwin (1974) and
Gandevia & McCloskey (1977) on perceived heaviness. Weights
used for the comparisons were chosen to provide a range of
weight differences across a range of absolute or total weights.
See Figure 4.3.
FIGURE 2.3.

WEIGHT COMPARISON: testing the accuracy of detection of

differences in weights.
PULLEYS

SUBJECTgrasplng strings
between thumb
and index finger.

BUCKETSloaded with
weights, out
of sight.

PAIRS OF
WEIGHTS

£
Subjects sat at a table and rested their elbows on its edge.
Attached to the opposite side of the table was a plate fitted
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protruding beyond the edge of the table. Strings led over the
pulleys and were connected to two small plastic buckets, each
weighing exactly 100 grams. The strings, held by the subjects,
were grasped between the thenar side of the index fingers and
the thumb.
While the buckets remained on the floor, the
subjects' forearms rested on the table. By flexing their elbows
and raising their forearms off the table, the buckets were lifted
from the floor. Where instructions as to the method of lifting
were similar for all subjects, they were not required to hold all
the joints distal to the elbow in a rigid or fixed position and

were

permitted

lifting the

to

use

their

most

comfortable

strategy

for

weights.

At all times the buckets were out of sight of the subject.
A
soft, light, plastic foam lined the buckets so that their loading
with weights could not be heard. In the absence of visual and
auditory clues, subjects had to rely on their tactile and sense of
movement when they lifted the buckets, in order to make their
comparisons.
Subjects were positioned comfortably and instructed in the task.
They were told that the buckets would be loaded with pairs of
weights, and after lifting the loaded buckets, they were required
to say whether they felt the weights as equal; and if not, which
hand held the heavier weight.
Some subjects commented that they believed one of their arms
to be stronger than the other and expected this to interfere with
their discriminatory ability.
As part of the preparation for
testing, all subjects were invited to lift the empty buckets
and
to determine whether they sensed them to be equal in weight. In
several cases, subjects reported that the empty buckets did not
feel equal. This was recorded, however, to be certain that this
perceptual asymmetry was real, the buckets were swapped and
the procedure repeated. In all cases, the swapping over of the
buckets did not confirm a real asymmetry. Some subjects, who
had reported sensing the empty buckets as not equal in weight,
found that the feeling of equalness returned when the buckets
were swapped over.
Others found that swapping ihe b u c k e t
reversed their perceived asymmetry of strength.
This
calibrating procedure warned subjects of the difficulty of
sensing equal weights accurately, and helped to dispel their
beliefs that asymmetry in strength between the arms would
consistently bias their responses.
Twenty eight, pre-determined pairs of weights were used for
the comparisons.
For twenty pairs, the difference between the
two weights ranged from two percent to one hundred percent of

the heavier weight. Weights were equal in the other eight pairs.
A list of total weights in each pair and percent distribution
between the hands is contained in Appendix 3.
The absolute or total weight in which the differences were
tested also varied. The best example of this is seen in the eight
pairs which were equal in weight.
The lightest of the equal
pairs was the empty buckets (100 grams). The other eight equal
pairs, used weights of 125, 200, 300, 400, 425, 600 and 680
grams.
For the twenty unequal pairs, absolute weight varied
from 100 grams to 1000 grams.
Vials containing different amounts of mercury were the major
source of the weight. Solid metal weights were combined with
the mercury vials in some of the pairs. All the weights were
coded with letters of the alphabet, making them easy for the
experimenter to recognise and select. The pairs for comparison
were pre-determined to cover the range of weights and weight
differences and then the pairs were named and recorded
according to the code.
Pairs of weights were each presented five times and the order
of presentation was randomized to minimize a learning effect.
Randomization was achieved by labelling small cardboard chits
with the code ascribed to designated pairs. Five chits were used
for each pair.
The constituent weights in each pair were allocated to the right
and left hand according to the order In which their code names
appeared on the chit. The original assignation of weights into
pairs always had the lighter weight first and the heavier weight
second.
With this arrangement, it is obvious that the heavier
weight would always be lifted with the same hand and
regardless of how randomly the pairs were presented for trial,
the subjects would be more likely to recognise the pattern. To
avoid this, and to randomise the trials even further, the twenty
unequal pairs were presented in the reverse of the original order
on half of the occasions. The original list of pairs, which was

sorted according to increasing real weight differences, was
divided into two, by taking out every alternate pair. One group,
containing ten pairs, placed the heavier weight in the right hand
bucket in three of the five trials and in the left hand in two. The
other ten pairs placed the heavier weight in the right hand in
two trials and in the left hand in three of the five trials.
All the chits for all the pairs were mixed in a container and each
trial began with drawing a chit from the container, by the
experimenter.
The corresponding weights were placed in the
left and right buckets according to the coded instructions given
on the chit. By pulling on the strings, subjects lifted the loaded
buckets and were able to sense their weights.
Subjects'
perceptions were recorded on a response sheet which listed all
the pairs described on all the chits. The response sheet was
designed to serve three purposes; to re-sort the randomly
presented trials into a standard order, to make it possible to
avoid errors and omissions in the loading of buckets, and to
simplify the collation of responses.
2,5

A N A L Y S I S OF DATA

Subject data were filed on Statview 512+ computer program and
was used to calculate means and standard deviations:
(i)
for individual subjects,
(ii)
for the particular subject group, and
( i i i ) for comparison to the other two groups of
subjects.
Summarized data were recorded in tables (see Appendices 4, 5
&6) and represented graphically in the text.
Analysis of variance (ANOVA) was used to examine interactions
between dependent variables. With the assistance of Dr Ken
Russell, consultant statistician, analysis of the elbow matching
and arm pointing data was performed using SPPSX statistical
package.
This analysis of the weight comparison data was
performed using Statview 512+.

CHAPTER 3

RESULTS

3.1

KNOWLEDGE OF LIMB POSITION - elbow matching.

The elbow matching study was designed to test the hypothesis: that
there is no difference due to training group on the accuracy of
aligning similar limbs on opposite sides of the body. The data
consisted of the difference, in degrees, between the angles
achieved by the two elbows.
Blindfolded subjects attempted to align the tips of their index
fingers through a marked perspex screen (thus receiving no
feedback). The gradations marked on the screen corresponded to
the degree of angular rotation at the elbow joint. Both arms moved
at once for 20 observations and the right and left hands were
alternated as starting hands for 10 observations of matching
following delays of 10 seconds and then 20 seconds. Misalignments
were assigned as negative or positive depending on the direction of
the misalignment relative to the leading hand (the right hand in the
case of simultaneous matching); under-estimations were assigned
a negative value and the over-estimations, a positive value.
The different experimental conditions consisted of the Group to
which subjects belonged (Control, n=10;
Kinaesthetic, n=13;
Resistance, n=7), the Time Delay between the movement of the two
hands (0,10 or 20 seconds), the hand which moved second (the
Following Hand - left or right) and the Occasion on which the test
was performed (whether the observations were taken Before or
After the six week period).
Data were initially described and summarised using STATVIEW
512+ statistical program. Individual subject means and standard
deviations for
misalignments were calculated. These were
averaged to give an overall group mean for all the experimental
groups. Data are tabled in Appendix 4 and represented graphically in
Figure 3.1 (a&b).

FIGURE 3.1

ACCURACY OF LIMB MATCHING: measured in degrees of angular

rotation at the elbow joint, on three experimental groups, before and after six weeks.
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The data were then analysed using a repeated measures Analysis of
Variance (ANOVA). This analysis was carried out by Dr. Ken Russell
applying the S P S S X statistical package and using, as the basic
observation, the means of 10 or 20 observations taken at the same
time and under the same experimental conditions. Because means
of 10 and 20 observations have different precisions, the
simultaneous and the time delay data were initially analysed
separately.
The analysis of the data from simultaneous matching on the Before
and After means, with the three Groups forming the Betweensubjects factor and Occasion (Before or After) as the Withinsubjects factor, tested to see if there were significant differences
between the effects of the three Groups and between the effects of
the two Occasions, and also whether there was a significant
interaction between Group and Occasion factors. (The interaction
may be interpreted as an indication that the difference between
After and Before scores is not the same for the three groups). The
analysis suggested that there was a significant (p=0.041) Group by
Occasion interaction, and that there were significant differences
(p=0.012) between at least some of the different Groups.
The
difference between the two Occasions (before and after) was not
significant (p=0.231).
The accompanying table (Table 3.1) and figure (Figure 3.2) of the
Before and After means for the three groups shows why the
interaction was significant.
The direction of the change from
Before to After was not the same for the three groups in either
direction or riiagnitude.
TABLE 3.1 SIMULTANEOUS

MATCHING: Before and After means for three

experimental groups.
OCCASION
BEFORE

AFTER

1 0

0.075

1.030

Kin.

13

-0.778

-1.823

Res.

7

0.743

-0.686

GROUP

n

Control

FIGURE
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misalignments, for three groups, "before" and "after" the experimental period.
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Another repeated measures ANOVA analysis of the Delayed
Matching
data was then performed for the two time delays.
"Before" and "After" data were treated separately. In both analyses
the three groups formed the Between-subjects factor, and Time
delay and the following Hand formed the two Within-subject
factors. The table (Table 3.2) of the two time delays shows that
there was a slight positive value for the mean difference after 10
seconds delay and a larger negative value for the difference after
20 seconds delay for "Before" means. There was a significant
difference (p<0.001) between the effects of the two time delays,
but P.O ether mEil? effect C i n t o r p r t l n n w^ic <5innifiniint
thp
level of significance.
TABLE

3-2

DELAYED

MATCHING: Means for two time delays, "Before" and

"After" the experimental period, for three groups.
2x2

"BEFORE'

Delay

n

DATA

mean

2x2 "AFTER"
Delay

n

DATA

mean

(sees)

(sees)
1 0

60

0.400

1 0

60

2 0

60

-1.300

2 0

60

0.577
-1.122

The table of "After" means (Table 3.2) for the 10 and 20 second
delays show a similar pattern to that described in the previous
paragraph and here too there was a significant difference (p<0.001)
between the effects of the two time delays. These figures indicate
a consistent trend for a slight overshoot error on misalignments
after a ten second delay and a larger undershoot error after twenty
seconds.
For the Delayed Matching data "After" the experimental period,
there was also a significant Group by Hand interaction (p=0.004).
The two way table of means ( Table 3.3) and the graph (Figure 3.3)
of Groups and following Hands shows tendency for the left hand to
overshoot the right in the Control and Resistance groups and the
opposite tendency occurring for the Kinaesthetic group. No other
main effect or interaction was significant at the 5% level of
significance.
TABLE 3 . 3 "AFTER" MEANS FOR GROUP BY HAND INTERACTION: Means for
three Groups and following Hands, "After" the experimental period.

HAND
LEFT
GROUP

RIGHT

Cont.

n=20

0.545

-0.265

Kin.

n=26

-3.481

1.219

Res.

n = 14

2.121

-0.657

FIGURE

3.3 DELAYED MATCHING: Left and Right hand means, for three

groups,"After" the experimental period.

3n
«
0
o
S.
o
0>
•O
1
Iz
S
g

LU

-<I
O)
<
UJ

-1 -

-2-3ODNrTFDL

KINAESTHETIC

RESISTANCE

GROUP

An additional repeated measures ANOVA of the time delay data
incorporated both the Before and After data.
Here again the
Between-subjects factor was the Groups, while there were three
Within-subject factors: Occasion, the following Hand, and the Time
delay. The results of this analysis is consistent with the results of
the same test on the "After" data (Table 3.2 & 3.3) Again there was
a significant difference (p<0.001) between the effects of the two
Time delays (Table 3.4) with a slight positive value for the mean
misalignment after 10 seconds delay and a larger negative value
aftor Of) ac^rnndfi
Hpjpiy
T A B L E 3 , 4 TIME DELAY MEANS, incorporating both Before and After data.
TIME DELAY

10
MEAN

n=120

0.443

(seconds)

20
-1.203

This analysis also revealed a significant interaction
between Group and Hand (Table 5.5).

(p=0.024)

TABLE 3 . 5

GROUP BY HAND INTERACTION, incorporating both Before and

After data.

HAND
LEFT

GROUP

RIGHT

Cont., n=40

-0.235

-0.150

Kin.,

n=52

-2.698

-0.579

Res.

n=28

0.650

-0.618

The accompanying graph (Figure 3.4) shows that overall, while
generally undershooting, the Control group had a slight positive
shift in mean misalignment moving from the left to right hands,
the positive shift was pronounced in the Kinaesthetic group. The
Resistance group, from an initial overshoot the shift was in the
negative direction as the hand following changed from left to right.
No other main effect or interaction was significant at the 5% level.
FIGURE 3 . 4 DELAYED MATCHING: Left and Right hand means, for three groups,
incorporating both Before and After data.
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As the Group by time Delay interaction was not significant at the
5% level and there was no significant interaction between time
Delay and Hand, it was decided to examine the difference between

the effects of simultaneous matching (0 seconds), 10 seconds and
20 seconds delay averaged over all groups and the left and right
hands. In this way, the number of observations is the same for the
three time delays (since the 10 and 20 seconds delays have both
right and left hands included in the average) and affords equal
precision to all the individual means.
A final repeated measures ANOVA was carried out, with the three
Groups as the Between-subjects factor and the Time delays as the
Within-subjects factor. Neither the Group by Occasion interaction
nor the Group main effect were significant at the 5% level, but
there was a significant difference between the effects of time
Delay (p<0.001). By doing Within-subject comparisons for each pair
of time delays, it was found that there was a significant
difference between the effects of delays of 10 and 20 seconds
(using both a t-test and a non-parametric sign test, p<0.001), but
that there was no significant difference between the effects of 0
seconds and 10 seconds, nor between 0 and 20 seconds, at the 5%
significance level. The means of the three time delays from this
cummulated data are shown in Table 3.6
TABLE

3 . 6 MEANS OF THREE TIME DELAYS: incorporating "Before"

and

"After" data and combining the data from Left and Right hands from all three
experimental groups.

DELAY (seconds)

MEAN

n=12Q

0

10

20

-0.375

0.442

-1.202

CONCLUSION:
When the limbs moved simultaneously there was a significant (at
the 5% level of significance) effect of Group and a significant (at
the 5% level) interaction between Group and the Occasion of the
test. This
indicates that the difference between "before" and
"after" scores is not the same for the three groups. The change in
mean misalignments is not the same in direction or magnitude for
the three groups.
The Control group overshot the position of the

right hand by the left hand on both occasions, the Kinaesthetic
group undershot the right with the left hand on both occasions and
the Resistance group overshot in the pre-test and undershot in the
post-test. Both Control and Kinaesthetic groups increased the size
of their misalignments "after" the experimental period, while the
Resistance group had a slight improvement in accuracy.
Separate analysis of the data "before" and "after" from delayed
matching showed that responses after either a 10 or 20 second
time delay are significantly different (at the 5% level) for all
groups on both occasions. On both occasions subjects tended to
overshoot misalignments after 10 seconds delay and undershoot
after 20 seconds delay. A significant (at the 5% level) Group by
Hand interaction is also present in "after" data. The Control and
Resistance groups tended to overshoot misalignments with the left
hand and undershoot misalignments with the right hand.
The
opposite tendency was revealed by the Kinaesthetic group.
Combining the data from both occasions, analysis showed that the
difference between the mean misalignment size after delays of 10
and 20 seconds is significant (p< 0.001). The means for the two
time delays are different in both direction and magnitude.
Again,
subjects tended to overshoot misalignments after 10 seconds delay
and undershoot after 20 seconds delay and misalignments tend to
to be greater with 20 seconds delay. A significant (at the 5% level
of significance) Group by Hand interaction indicated that the means
for the right and left hand matching performances are different for
the three groups.
All groups had a smaller misalignment when
matching with the right arm, but overall tne uoniroj ana
Kinaesthetic group tended to undershoot with both the left and
right elbows while the Resistance group tended to overshoot errors
with the left arm and undershoot errors with the right.
Incorporating "Before" and "After" data and combining the data from
Left and Right hands from all three experimental groups made it
possible to compare the mean misalignments from simultaneous
matching with delayed matching. It is indicated that there was a
significant difference between the effects of time Delays of 10

and 20 seconds (p<0.001) but that there was no significant
difference between the effects of 0 seconds and 10 seconds, nor
between 0 and 20 seconds, at the 5% significance level.

3.2

MEMORY OF LOCATION - arm pointing

The arm pointing study was designed to test the hypothesis: there
is no difference due to training group on the accuracy of memory of
location.
The data consisted of measures of the displacement
between a target and a remembered target. Observations came from
various subjects under three experimental regimes: 10 subjects did
no training (Control group), 13 did kinaesthetic training
(Kinaesthetic group) and 7 did weight training ( Resistance group).
Subjects were tested before undergoing training and again after six
weeks, upon completion of the training program.
Subjects pointed to a particular position on the circumference of a
circle, then shut their eyes and tried to point to the same position
again. This was repeated three times for each of the 12 positions
on the face of a clock, in randomised order. Subjects pointed with
the left and the right hands, using both a large and a small circle.
The order of large and small, left and right hands was not
randomised.
This gave a total of 144 observations on each
individual at each of the "Before-training" and "After-training"
measurement sessions.
The distance between the target position (indicated with eyes
open) and each of the three marks indicating the remembered target
(made with eyes closed) was measured to the nearest 0.5
centimetres and recorded on a data sheet.
For comparison, all
scores were adjusted to a standard arm length of 70 centimetres.
So if a subject with an arm length of 65 centimetres scored a
displacement error of 4.6 centimetres the adjusted score was
calculated to be 4.95 centimetres (using the equation x/70 =
4.6/65).

Data were initially described using Statview 512+ software
package.
As the three observations at each position were
repetitions, rather than true replications, they were averaged to
give a single reading for each individual.
The 12 different
positions were then averaged together to give an overall measure
of each subjects accuracy of pointing. This gave a "Before" and
"After" mean distance from the target for each subject for each of
the four (Size by Hand) categories. These means were averaged
again to give an overall group mean for each of the experimental
groups. The results of these calculations are tabled in Appendix 5.
The data indicated that mean displacements were consistently
smaller after the six week experimental period for all four size by
hand categories and for the two trained groups. It also
demonstrates how the mean displacement from the target was
greater for pointing at the Large circle for all groups and with
either hand.
With the assistance of consultant statistician, Dr Ken Russell,
significant differences between groups were investigated.
Using
the SPSSX statistical package, an Analysis of Variance on 30
subjects with four repeated measurements on each individual was
performed. As the change from Before to After was of particular
interest, the difference ("After distance" - "Before distance") was
calculated for each of the four (Size by Hand) categories, and used
as the variable of interest. Therefore, the data used for analysis
consisted of four mean differences for each individual.
The factors being investigated as possible causes of variation were
the experimental Group to which they belonged (control,
kinaesthetic or resistance), the Hand (left or right) used for
pointing, and the Size (large or small) of the circle. Because each
individual observation being used in the analysis was the mean of
36 differences, it is reasonable to regard these observations as
being Normally distributed (by use of the Central Limit Theorem).
The three way Group by Size by Hand interaction was not
significant at the 5% level ( ¥2,21 = 0.97; p = 0.392). The two way
Size by Hand (Fi,27 = 0.84; p = 0.366), Group by Hand ( F2.27 = 0.52; p

= 0.601) and Group by Size ( Fa,27 = 0.59; p = 0.560) interactions
were not significant at the 5% level. The main effect of Hand was
not significant at the 5% level (F^,27 = 0.44; p = 0.513), nor was the
main effect of Size ( Fi,27 = 0.98; p = 0.331). However, the main
effect of Group ( F2,27 = 4.10; p = 0.028) was significant at the 5%
level, and the mean overall change (i.e. from "Before" to "After")
was significant at the 1% level ( Fi,27 = 8.34; p = 0.008).
The interpretation to be placed on this is that the factors of Size
of circle and pointing Hand have no significant effect on the
distance between the target and the remembered target, either on
their own or in association with another factor (including the
training Group).
However, there are significant differences
between the effects of the three experimental groups, and there is
a significant change over time, from "Before " to "After".
The overall
"After", and
were found
Note that
differences
the relevant

mean difference in the displacements from "Before" to
the mean differences for the three experimental groups
and are listed in Table 3.7 and plotted in Figure 3.5.
these figures represent "After" minus "Before"
calculated from averaged over-all measurements for
subjects in each group.

TABLE

AVERAGE

3.7

DISPLACEMENT

D I F F E R E N C E S : being the average

difference between "before" and "after" means for all subjects in three groups.

n

mean diff± s.d.

OVERALL

30

-1.791

CONTROL
KINAESTHETIC
RESISTANCE

10
13
7

0.280+1.07
-1.922±0.94
-4.506±1.28

FIGURE 3.5

CHANGE OF AVERAGE DISPLACEMENT FROM "BEFORE" TO

" A F T E R " : incorporating data from both large and small circles and right and left
hands, for three groups.
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The data ¡ndicate that the overall trend was for there to be an
increase in the accuracy of pointing after the six weeks, implying
that - in general - the subjects were more accurate after the six
weeks.
However, this is not consistent over the three groups.
Examination and comparison of the means for the individual groups
showed that the difference between "Before" and "After" means for
the Control and the Kinaesthetic groups respectively is not
significantly different from zero at the 5% level; although the
Kinaesthetic mean difference is almost significantly different
from zero at the 5% level (the observed value of t is 2.048, and the
oritici^i valiip is P.05?)- The mean for the Resistance group is
significantly different from zero at the 0.2% level.
Comparison of the means of the three groups showed that the
means of Control and Resistance groups are significantly different
at the 1% level of significance ( it! = 4.506), but that the means for
the Kinaesthetic group are not significantly different from either
of the two other means at the 5% level.

CONCLUSION:
While there is an overall significant increase in accuracy of
pointing after the six weeks, this is not consistent over the three
groups. There is a marginal (and non-significant) decrease in mean
accuracy for the Control group. The increase in accuracy is almost
significant at the 5% level for the Kinaesthetic group, and
significant at the 0.2% level for the Resistance trained group.
There is a significant difference between the changes in accuracy
of the Control and Resistance groups, but the changes in accuracy
for the other two pairings of groups are not significantly different.
There is not a significant effect on the change in accuracy from
either the hand (Right or Left) used by the subject or the Size
(large or small) of the circle.

3.3

PERCEPTION OF HEAVINESS - weight comparison.

The weight comparison experiment was designed to test the
hypothesis that: "there is no difference due to training in the
accuracy of judging weights".
The data consisted of scores
between zero and five for correct and corresponding incorrect
estimates of relative weight.
Subjects lifted two weights simultaneously by a similar action of
their two arms and attempted to distinguish If the weignts were
equal and, if not, which hand held the heavier weight. Twentyeight weight pairs were presented five times each in random order
and in such a way as to eliminate auditory and visual cues. Eight of
the pairs were equal in weight, and for these weight pairs, total
weight lifted by both arms varied from 200 grams to 2400 grams.
A similar weight range applied to the other twenty pairs however
the weight was not evenly distributed between the arms.
The
proportional distribution of the total weight between the two arms
began with 49%:51% and this ratio changed in unitary increments up

to 45%:55% over thirteen pairs. The remaining seven pairs had a
distribution of weight where the ratio was greater than 45%:55%
up to the maximum of 33%:67% proportional distribution.
Unit
increment change in weight distribution was examined across a
range of total weights, from the lightest at a total of 211 grams to
the heaviest at 2388 grams, so that each unit increment change in
weight distribution was tested in a light , medium and a heavier
total weight.
In the seven pairs where the proportional weight
distribution was high (greater than 45%:55%), the total weights
ranged from 225 to 1000 grams. (See Appendix 3 for weight pairs
and percent weight distributions.)
Analysis of the data involved making comparisons of the accuracy
of three experimental groups, before and after the experimental
period. A repeated measures Analysis of Variance was performed
on each of the weight pairs using a Statview 512+ statistical
package.
The factors being investigated as possible causes of
variation in accuracy were the experimental group to which
subjects belonged and the occasion of testing (before or after the
experimental period). Thus the three Groups formed the BetweenSubjects factor and the Occasion was the Within-Subject factor.
The analysis was carried out using, as the basic observation, the
number of correct (and incorrect) responses out of five and also the
"angular transforms" of the proportions correct. As the patterns of
significance (at the 5% level) from both these analyses tended to
great similarity, it will be simpler and clearer to report the
results of analysis in terms of the numbers of actual responses.
(Before and After means for all twenty eight weight pairs are
tabled in Appendix 6.)
The eight equal weight pairs were analysed first. The analysis was
performed separately on data from each of the weight pairs. The
main effect of group was significant (at the 5% level of
significance) in three of the pairs; at 100 grams, p=0.0038; at 125
grams, p=0.007; and at 600 grams, p=0.045.
Neither the main
effect of Occasion nor the interaction between Group and Occasion
reached significant levels (significance at 5%). This indicates that
the groups responses were different, albeit in three out of eight

tests, and that training did not have an effect on the ability to
estimate if weights in each hand were equal.
Means of correct
responses for each equal weight pair, taking the total responses
before and after the six week period for three experimental groups,
are given in Figure 3.6.
FIGURE 3.6 EIGHT EQUAL PAIRS: Mean number of correct estimations of
weights being equal, for three experimental groups, combining data from tests
"before" and "after" the six week experimental period.
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Another series of analyses was carried out using the data from the
unequal pairs.
Both the number of correct responses and their
angular transforms were analysed for each individual weight pair
and again the pattern of significant results was similar (at the 5%
level of significance). The proceeding discussion will refer only to
the results obtained from the analyses on the basic observation,
initially, the actual number of correct responses. The main effect
of Group was significant (at the 5% level of significance) in three
of the unequal weight pairs; total weight 526 grams in a 48:52%
distribution, p = 0.0317; total weight 1282 grams in a 46:54%
distribution, p= 0.0168; and total weight 225 grams in a 45:55%

distribution, p=0.0127. For these three pairs, the way in which the
correct responses of the three groups varied is illustrated in
Figure 3.7.

FIGURE 3.7

MEAN CORRECT RESPONSES TO THREE UNEQUAL

PAIRS:

combining data from tests "before" and "after" the experimental period.
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The main effect of Occasion was significant (at the 5% level) in
two unequal weight pairs: total weight 973 grams in a 46:54%
distribution, p=0.0316; and total weight 255 grams in a 39:61%
distribution, p=0.04.
As shown in Figure 3.8, overall accuracy
improved in the heavier weight pair and deteriorated in the lighter
pair, even though in this pair there was a considerably larger
difference between the weights held in either hand.

FIQURE

3 . 9 CHANGE IN ACCURACY FROM "BEFORE" TO "AFTER": for two

unequal pairs, combining the results from three experimental groups.
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There was a significant (at the 5% level) Group by Occasion
interaction in only one pair; total weight 459 grams in a 35:65%
distribution. The nnean number of correct responses fell in the
control group and increased in the trained groups; see Table 3.8.

TABLE
PAIR:

3 . 8 CORRECT RESPONSE MEANS FOR ONE UNEQUAL WEIGHT

459 grams in a 35:65% distribution, a single pair showing significant Group

by Occasion interaction (at the 5% level of significance).
n

BEFORE

AFTER
4.7

CONTROL

1 0

5.0

KINAESTHETIC

13

4.846

5.0

RESISTANCE

7

4.857

5.0

In addition to the number of correct responses out of five trials for
each of the individual weight pairs, corresponding incorrect
responses provided two additional sources of data for the unequal

pairs.
The first is the number of incorrect estimates of the
weights in each pair as "being equal" and the second is the number
of correct indications that the weights were "not equal" with an
incorrect indication of which hand held the heavier weight.
Another repeated measures ANOVA analysis was performed for both
classes of incorrect response. In both analyses the three Groups
formed the Between-subjects factor and the Occasion of the test
(before or after the experimental period) formed the Withinsubjects factor.
In the analysis of the incorrect decisions that the weights were
equal, the main effect of Group was significant at the 5% level for
two unequal weight pairs; total weight 1282 grams in 46:54%
distribution, p=0.0022 and total weight 225 grams in 45:55%
distribution, p<0.001.
In the analysis of the incorrect responses
where the wrong hand was reported to be holding the heavier
weight, the main effect of Group was significant for only one
unequal weight pair; total weight 225 grams in 45:55%
distribution, p=0.0018. The mean incorrect responses of both types
are demonstrated for these weight pairs in Figure 3.9. Neither the
Group by Occasion interaction nor the main effect of Occasion were
significant (at the 5% level of significance) in either case of
incorrect response.

F I G U R E 3 . 9 MEAN INCORRECT RESPONSES FOR TWO UNEQUAL WEIGHT
PAIRS: combining data from tests "before" and "after" the experimental period. One
weight pair is illustrated twice; once indicating the mean incorrect estimates of the
weights being equal, and the second time for the incorrect estimates of the wrong hand
holding the heavier weight.
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Since neither the Group by Occasion interaction nor the main effect
of Occasion was significant in analyses of incorrect responses of
either type, a final repeated measures ANOVA was then performed
to compare the incidence of both types of errors. Here the Groups
formed the Between-subjects factor and the type of incorrect
response, the Error, formed the Within-subject factor. Combining
results from both occasions of testing, the main effect of Error
reached significant levels (at 5% level) in thirteen of the twenty
unequal weight pairs. In all cases the incorrect response of "equal"
was given more frequently than incorrect indications of the wrong
hand holding the heavier weight. These results also demonstrate
that the smaller the relative difference between the weights in
each pair, the more likely that subjects will perceive them as
being equal in weight. The incidence of the two error types in
those pairs were their occurrence was significantly different is
illustrated in Figure 5.10.

FIGURE 3.10 RELATIVE INCIDENCE OF TWO ERROR TYPES: across a range
of total weights and proportional distributions, using the sum of "before" and "after"
scores, and combining results from three experimental groups.
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CONCLUSION:
As the proportional distribution in weight increases, the more
often is the increase detected by each subject, but the data
indicates that training does not play a part in this. While the
groups differed in their ability to detect if they were holding equal
weights in each hand, detection of equal pairs was generally
inaccurate (where accurate is 50% correct).

CHAPTER 4

DISCUSSION & CONCLUSION

The results do not indicate that training in the Feldenkrais Method
influences performance on any of these three tests of
perceptuomotor acuity. If a comparison of training techniques can
be made from these data then it appears that the Feldenkrais
subjects' performance was worst in the tests. The only significant
training effect was an improvement in the arm pointing test by the
strength trained group.
4.1,1

ELBOW MATCHING

In the experiments where subjects were required to match the
angles at their elbow joint, the results were reasonably consistent
with those found by De Dominico & McCloskey (1987) for elbow
matching in normal subjects. In general, performance on the tests
was similar for the right and left arms. Where the absolute size of
the misalignment was similar for right and left hands in all groups
before the training, the Kinaesthetic group showed a different
overall response pattern in the direction of their misalignments to
the other two groups. This variation reached significant levels (at
the 5% level of significance) after the six week training period.
While subjects in all groups reported themselves to be right handed
for handwriting, several subjects in the Kinaesthetic group
believed that their previous training had given them greater
performance fluency with their left hand. Since the results do not
bear this out, such a preconception on the part of the
kinaesthetically trained subjects may have had some influence on
the strategies they employed for the matching tasks, especially as
the time delay increased.
According to McCloskey (1978), position estimates at the elbow
are improved when simultaneous movement of the arms is
permitted.
For simultaneous elbow matching, misalignments were
recorded from the position of the left arm relative to the right.
Results indicate that the change in mean misalignment from the
pre- to the post-test is not the same in either direction or
magnitude for the three groups. When indicating alignment of the
index finger-tips and thus the angles at the elbows, the Control and
Kinaesthetic groups tended to increase the size of the

misalignment after the training period, and the Resistance group's
overall misalignment decreased. In both before and after tests the
Control and Kinaesthetic groups overshot and undershot the
position of the right hand, respectively, whereas the Resistance
group overshot in tests before and undershot in tests after the six
week experimental period.
The difference in the direction of the misalignment between the
trained and untrained subjects may point to strategies involved
with the appreciation and simultaneous use those abilities required
to localize the target.
A larger number of subjects needs to be
tested for some consistency or conclusive trends to emerge.
Subjects in this experiment also performed similarly to those in
McCloskey's elbow matching experiments in that there was a
diminished accuracy of matching when there was a delay between
the indicating arm and the matching arm.
As the time delay
between the indication by one arm and the matching by the other
increased, there was a general tendency for the size of the
misalignment to increase and for subjects to point into extension
of the true position; i.e. to under-estimate the position of the
indicating arm. This was predicted by Palliard and Brouchon (1968)
and demonstrated by De Dominico & McCloskey ( 1987) in their
experiments on position sense at the elbow.
The apparent temporal shift in position estimates is reported by
them as "unlikely to be due to a decay or fading of the memory of
proprioceptive signals or to an adaption of the receptors signalling
siatic position". Since iiie icifyei is â stâîiOiiciiy linib, it io iikoly
that its location would rely on processes signalling static position
while the movement of the opposite limb would include or be
combined with a sensation of active movement. McCloskey (1978)
suggests that if different sensory systems are used in locating the
target and guiding a limb to it,
then the internal neural
calibrations, and in particular the internal alignments of such
calibrations and their translations into perceptions are important
considerations.
Further investigations which focus on making
distinctions between the magnitude of the misalignments and their

direction may provide some insight
influencing performance on this test.

4.1.2

into

the

various

factors

ARM POINTING

Mean displacement errors recorded for the three groups of subjects
in this study derived from three trials per point and were all lower
than Cohen's prediction. The Kinaesthetic group scored the highest
mean displacement errors or lowest mean accuracy of the three
experimental groups with a recorded mean of 3.1cms., pointing
with the right hand on the larger circle, before their training. The
lowest recorded mean displacement error, 1.9cms., was achieved by
the Resistance trained group after their training, while pointing
with the left hand to the smaller circle.
Perhaps with a larger
sample size, average errors would more closely approximate
Cohen's predictions.
Trained groups showed an improvement in accuracy of pointing in
the second series of tests, i.e. smaller mean displacement errors
were consistently recorded in tests after the six week period.
Statistically significant improvements were demonstrated only by
the Resistance trained subjects. Where the change in accuracy of
the Control group in all four size-by-hand categories was
negligible, the Resistance trained group showed marked
improvements
in performance. The Kinaesthetic
group's
performance wa^» iinort! similar to the Control group than ihG
Resistance group with accuracy improvements most closely
resembling the overall improvements averaged across all three
groups.
Had the number of subjects in each group been larger the
trends emerging may have given greater distinctions and prompted
more conclusive speculations. However, it may be that differences
in performance can be only attributed to daily variability of some
subjects in each group.
Cohen's (1958) examination of daily
variability of performance revealed again the great deal of
individual variation, with some subjects performing very

consistently and others rather
similarly on different days .

inconsistently

when

tested

According to Cohen (1958), who looked at the average error on four
circles of different radii, it was not possible to designate certain
circles as being most or least accurate for all individuals. While
four out of six subjects performed more accurately as the size of
the circles decreased, he concluded that such relatively large
variations amongst people existed that it was not possible to
predict with any reasonably certainty that for any given individual,
performance will be better or worse on circles of a given radius.
In this experiment the size of the circle and thus the relative
performance along each of the twelve radii on target points closer
to, or further from the common centre of the circles ( and the
starting position of the shoulder) appeared to have no bearing on
the accuracy of pointing.
While there was a tendency for greater accuracy of pointing with
the right hand than with the left for all groups, in general, no
statistical difference in performance between the right and left
hand was demonstrated. Cohen's investigations did not compare the
accuracy of the right and left arms but considered only the
dominant hand.
4,1.3

ESTIMATING WEIGHT

In the weight comparison experiment no clues were given to
indicate a successful strategy for the judgements about the pairs
uf wèiyiiL. The type oi training undertaken by subjects may have
influenced their relative accuracy if the strategies they employed
to make their judgements were different. Greater accuracy could be
expected from those subjects who relied on afferent processes
than those who rely on the magnitude of their motor commands.
No difference in performance was observable between the groups of
subjects in this experiment. The only generalisations to be made
from the results of the weight comparison experiment was that the
greater the difference between the weights held by their two arms

the more successful subjects are in detecting the difference and
correctly nominating the hand which held the heavier weight.
The results suggested that subjects were generally not able to
detect the situation when the weights held by the two arms were
equal. An interesting observation supporting this conclusion can be
made from the patterns of incorrect responses across all subjects
when estimating distribution of weight in unequal pairs.
Incorrect
estimation of the weights being equal were generally favoured over
a correct estimate of the weights being unequal with a nomination
of the incorrect hand holding the heavier weight.
As the weight
difference increased, the incidence of the first type of incorrect
responses (an incorrect estimate of "equal") increased, and the
second type decreased.
From the results of this experiment, it was not possible to
generalise about the effect of the absolute or total weight on a
subject's ability to detect a difference in weight. The accuracy of
weight discrimination and the effect of changing the total weight
on accuracy could be more thoroughly investigated by testing a
great number of normal subjects, each with a greater number of
trials on each pair of weights.
Some modification of the actual
weight pairs would also be required, including more weights in
each total weight category and a greater number of distinct
"proportional weight distribution" categories for each total weight
category.

4.2

METHODOLOGICAL CONSIDERATIONS

Three important methodological considerations are: the influence
of the timing of the tests relative to the commencement

and

completion of the training period; the duration of the experimental
period of training; and the relative intensity of the two types of
trainings.
Recency and latency effects could be controlled by ensuring a
constant time interval between the pre-and post-tests.
This was
not possible in this series of tests.
Experimental subjects were

tested as soon as possible after their training, however the time
which elapsed between the completion of the training and their
post-test did vary from one day to three weeks. Future work would
benefit from the development of test protocols which are of
shorter duration and perhaps applicable to all subjects at the same
time.
Differences in the design, intensity, and timing of the trainings
was also a delimitation of the experiment and may have some
effect on the findings. Where the training of the Resistance group
was part of the overall experimental design and so the intensity
and duration could be controlled, the Kinaesthetic group were a
sample of students committed to an established and independent
training program.
Another uncontrolled variable is that the
Resistance subjects were complete novices to this kind of training,
while the Kinaesthetic group were tested prior to one months
intensive training, having already had some previous training,
albeit not for six months.
The selection of subjects and their
random assignment to the various groups as well as stricter
control and supervision of the training programs is recommended
for any future investigations.
If sensitivity is defined as the "capacity to indicate minute
differences" (Aiken, 1977) then the matter of sensitivity of the
measuring instruments themselves, is also an important matter for
consideration. Aiken (1977) contends that the concepts of validity
and sensitivity are related, as are reliability and sensitivity
because the instrument must measure what it was designed to
measure
ii can measxire sensiiiveiy and errors o\
measurement must be distinct from sensitivity problems.
The usefulness of these tests as instruments may have been
strengthened by obtaining an estimate of the test-retest
reliability for each subject prior to the intervention. The
instruments can be tested by varying the methods of measurement,
the situation in which the measurement takes place and by testing
a large number and wide variety of individuals. The sensitivity of
the limb matching and pointing tests can be improved by increasing

the number of items and the number of response categories. The
sensitivity of the weight comparison test depends on the method.
The method used here had fixed pairs of weights so there was a
"quanta!" gap between those unequal pairs which cannot be
discriminated and those which are reliably detected.
Other
methods of weight matching may have provided an index which
might have been more sensitive for testing small changes.
4.3

CONCLUSION

Research into the Feldenkrais Method needs to focus on theoretical
and methodological issues as well as treatment effectiveness.
So, the three ways that clinical justification must proceed are:
construction of a theoretical model based on current theories of
development, learning and control of movement; identification of
dependant and independent variables through the synthesis of
previous and current empirical research; and designing experiments
to test the relevance of the hypothesised variables and the validity
of their relationship.
Where descriptive studies and case histories (Feldenkrais, 1949;
Gutman, 1977; Plummer, 1982; Barlow, 1953; Austin & Pullen,
1984; Lake, 1985) may claim that improvements in function and
well-being can result from directing attention to kinaesthesis, and
quite reasonably infer that procedures which improve kinaesthetic
awareness may result in postural Improvement and greater ease
and fluency of movement, these issues are far from being well
understood or proven by current scientific methods.
The work described in this thesis is as much a test of methods for
investigation as it is an attempt to discover the influence of
training on perceptuomotor skills and the relative effectiveness or
different training regimes.
Observations of Feldenkrais training
have not been previously made. Similarly, no report has appeared in
the literature regarding the application of the same tests to
subjects undertaking resistance exercises for strengthening. The
tendency for improvements in relocating the arm to a remembered

target in the strength trained subjects is an invitation for further
investigation.
The tests of accuracy of limb positioning and weight comparison
applied in this study did not indicate any marked improvement in
the Feldenkrais trained subjects after one month of training.
However, it is interesting that parallel studies on the same
subjects (Saraswati, 1990) did detect motor and postural changes.
Electromyographic activity indicating increased contractile
activity in the erector spinae, and decreased activity of the rectus
abdominus was found in quietly standing subjects on comparison of
these actions before and after the training. This correlated with
increases in abdominal respiratory movements. Saraswati (1990)
interpreted this as an indication that the training had led (without
this feature being an expected outcome) to increased antigravity or
postural activity of the erector spinae muscles which freed
abdominal and thoracic muscles from a postural role, making their
respiratory role more overt.
From the combined studies of these Feldenkrais trained subjects it
can be concluded that a period of training in directing attention to
sensations of movement, to sensorimotor events, may lead to some
changes in motor performance (such as reducing unnecessary cocontraction) which appear to arise from changes in the use of
sensorimotor programs (perhaps at a sub-cortical level). However
it appears that these are not accompanied by an improvement in
kinaesthetic sensitivity nor are they evident in changes in
performance on the three perceptuomotor tests described in this
report.
Thus the investigations described in this thesis have
helped to clarify the issues in regard to mechanisms underlying
certain procedures for refining human movement for which there is
increasing clinical support but as yet only some tentative
experimental evidence.

CHAPTER 5
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APPENDIX

1
HEALTH AND LIFESTYLE QUESTIONNAIRE

NAME
SEX
ADDRESS
PHONE...
HOME
AGE
NO. CHILDREN
OCCUPATION
HANDEDNESS

WORK.
D.O.B...

DIET.

"NORMAL"
VEGETARIAN
SEMI-VEG/HEALTHY
LOW FAT
LOW SALT

EXERCISE.

NCNE
MILD (e.g. walking)
AVERAGE (sports , 1/week)
REGULAR ( daily ; 2nd daily)
INTENSIVE

(
(
(
(
(

)
)
)
)
)

()
()
()
()
()

TYPES OF
EXERCISE/SPORTS/HOBBIES.

FITNESS.

VERY FIT
FIT
UNFIT
VFRYIINFIT
OTHER

()
()
()
()

TENSION.

VERY TENSE
TENSE
RELAXED
VERY RELAXED
OTHER

()
()
()
()

HOW DO YOU FEEL ABOUT DOING THIS EXPERIMENT ?
WORRIED
()
INDIFFERENT
()
CALM
()
INTERESTED
()
OTHER
HOURS

SLEEP HABITS:
TIME
QUALITY....

()
{)
{)
()

DEEP
LIGHT
FITFUL
DREAMS
YB

(( ))

ND

()

GOOC

()

TIRED

()

YEi

()

ND

{)

DIFFICULTY GETTING TO SLEEP...
WAKING QUALITY...
REST IN THE DAY...
HOW LONG / HOW OFTEN

MEDICAL HISTORY
HOW DO YOU FEEL TODAY?...

EXCELLENT
ABOVE AVERAGE
AVERAGE
BELOW AVERAGE
UNWFII

SPECIFIC MEDICAL PROBLEMS
MEDICATIONS.
SMOKING...
YES
HOW MANY/DAY

()

ND ( )
HOW LONG.

alcohol...
YES
HOW MANY/WEEK

()

to

()

()
()
()
()
()

PAST ILLNESS / OPERATIONS

SPECIFIC MUSCULOSKELETAL / NEUROLOGICAL DISORDERS

FAMILY HISTORY (if relevant)

FELDENKRAIS TRAINING
HOW MUCH
EXPOSURE
HAVE YOU HAD F.I.
HOW
OFTEN

YES { )

ND

()

WHAT
EFFECT
HOW MUCH DO YOU PRACTISE

?

LAST PRACTICE
SESSION
RESULTS...
PHYSICAL
MENTAL
EMOTIONAL
SPIRITUAL
OTHPQ b o d y WORK :
YOGA,
ALEXANDER,
TAI CHI, KUNG FU, AÏKIDO,
KARATE, BODYBUILDING, DANCE,
ATHLETICS,
GYMNASTICS,
BIOENERGETICS, ROLRNG, MASSAGE,
PHYSIOTHERAPY.
HOW LONG
INTENSITY

MENTAL TRAINING:
MEDITATION
YES ( )
HOW LONG
INTENSITY
PSYCHOTHERAPY
HOW LONG
INTENSlPi'

YK

ND

()

()

ND

()

OTHER
HOW LONG
INTENSITY

BREATHING EXERCISES:
YOGA
()

TA! CHI

()

SCUBA

HOW LONG
INTENSITY.
EXAMINATION
BEFORE
BP
PULSE
RESPS
WEIGHT
UCjQUJ
ABDO GIRTH..
SPIROMETER
PFR
FEV1
FEV3
FVC
VC/PRED
%PRED
%FEV1
%FEV3

AFTER

()

APPENDIX 2
WEIGHT TRAINING PROGRAM - Using De Lorme and Watkins Method
(Colson & Collison, 1983).
1. ASSESSMENT OF STRENGTH
At the first training session, after a warm-up, subjects were
required to demonstrate their 1RM (the maximum weight they could
lift only once) for each of the exercises chosen for the program.
This weight was recorded. Measurements of girths of chest (one
centimetre above the nipple), biceps and forearms (through
thickest part) were also made and recorded.
These measurements were repeated at the end of the program to
identify any strength gains and changes in muscle volume.
2. WORKLOAD CALCULATIONS
The 10RM was estimated using 75% of 1RM as the formula.
Workloads, for each exercise, were calculated from the 10RM. The
training program consisted of three sets of 10 repetitions for each
exercise, using a progressively heavier weights for each set.
Thus,the actual program for each exercise was as follows;
set 1 set 2 set 3 -

10 repetitions x (50% x 10RM)
10 repetitions x (75% x 10RM)
10 repetitions x (100% x 10RM).

Subjects rested for approximately three minutes between sets.
3. WORKLOAD PROGRESSION
When the subjects were able to complete 15 repetitions on their
third set, they were re-tested to find their new 1RM. From this, a
new 10RM was formulated and the program for that exercise was
adjusted accordingly.

4. EXERCISES
Exercises are described using the nomenclature of the weight
lifting gymnasium and are listed according to the part of the body
primarily involved.
CHEST

Bench press
Bench dumbell flies

SHOULDERS

Shoulder press
Lateral dumbell raise

ARMS
UPPER BACK

Biceps curl
Triceps

extension

Lateral

pulldowns

Bent over dumbell row
ABDOMINALS

Sit ups

LEGS

Squats
Calf

raises

Leg flexion
FOREARMS

Wrist

extensions

Wrist

curls

APPENDIX 3
WEIGHT PAIRS
WT 1
grams

WT2
grams

TOTAL
grams

DIFF
grams

DISTRIBUTION
% total weight

100
125
200
300
400
425
600
680

100
125
200
300
400
425
600
680

200
250
400
600
800
850
1200
1360

0
0
0
0
0
0
0
0

50%/50%
50%/50%
50%/50%
50%/50%
50%/50%
50%/50%
50%/50%
50%/50%

100
260
394
641
252
159
100
1130
176
600
452
302
100
159
300
400
100
11 1
159
100

105
274
418
682
274
176
11 1
1258
200
682
521
349
125
202
400
600
155
?00
300
200

205
534
812
1323
526
335
211
2388
376
1282
973
651
225
361
700
1000
255
311
459
300

5
14
24
41
26
17
11
128
24
82
69
47
25
41
100
200
55
RQ
141
100

49%/51%
49%/51%
49%/51 %
48%/52%
48%/52%
47%/53%
47%/53%
47%/53%
47%/53%
46%/54%
46%/54%
46%/54%
45%/55%
44%/56%
42%/58%
40%/60%
39%/61%
35%/65%
33%/67%

APPENDIX 4
ELBOW MATCHING:
Mean relative misalignments(mm) for three experimental groups before (B) and after
(A) a six week experimental period.
CONTROL
B
n=340
SiMULT
0.1±1.82

A
n=200

KINAESTHETIC
B
A
n=280
n=260

RESISTANCE
B
A
n=140
n=140

1.0±2.67

-0.7±2.46

-1.8±2.36

0.7±1.72

-0.7±2.62

2.1±3.04

-1.0±4.33

-2.5±4.43

-0.4±4.57

2.4±3.84

0.3±3.65

1.5±3.97

2.2±3.72

0.3±4.40

-0.3±4.86

-1.1±3.72

-2.6±5.82

-4.4±5.63

-1.2±4.39

1.8±3.63

-0.8±4.11

0.4±4.33

0.3±4.71

-1.5±5.50

-1.0±5.48

10SEC L
0.8±3.26
10SEC R
0.6±3.22
20SEC L
-1.1±4.72
20SEC R
-1.7±4.77

APPENDIX 5
ARM POINTING
Mean displacements (mm) ± standard deviations in relocating a remembered target on
two circles (large and small) for three experimental groups, before (-b) and after (a) six weeks.
CONTROL
-b. n=17
-a, n=10

KINAESTHETIC
-b, n=14
-a, n=13

RESISTANCE
-b, n=7
-a, n-7

28.3 ± 7.04
29.0 ± 7.18

31.3 ± 6.37
28.6 ± 5.53

27.8 ± 10.10
25.7 ± 6.47

-b
-a

29.7 ± 8.09
30.2 ± 4.90

27.2 ± 5.63
25.8 ± 5.87

30.4 ± 7.96
25.6 ± 4.54

SMALL CIRCLE
RIGKT
-b
-a

21.6 ± 5.14
20.0 ± 5.95

22.7 ± 8.78
21.3 ± 7.78

23.3 ± 6.80
19.2 ± 7.48

21.2 ± 6.56
23.1 ± 6.00

25.4 ± 8.85
22.7 ± 5.85

25.8 ± 11.54
18.8 ± 3.14

LARGE CIRCLE
RIGKT
-b
-a
LEFT

LEFT
-b
-a

APPENDIX 6
WEIGHT COMPARISON: equal pairs
Mean number of correct responses ± standard deviation from comparison between
hands of eight equal weight pairs in order of increasing total weight, before (-b) and
after (-a) six weeks.
CONTROL
KINAESTHETIC
RESIST
lOO/IOOg
- b
3 ± 1.3
2 ± 1.3
3 ± 2.0
±
-a
1.2
3
2 ± 1.0
2 ± 1.1
125/125g
-b
3 ± 1.4
1 ± 1.2
2 ± 1.6
±
-a
3
1.5
2 ± 1.2
2 ± 1.1
200/200g
2 ± 1.3
- b
1 ± 1.2
1 ± 1.4
±
±
2
-a
1.6
1.1
1
1 ± 1.0
300/300g
2 ± 1.2
• b
2 ± 1.5
1 ± 1.0
±
±
2
1.1
-a
2
2 ± 1.1
1.5
400/400g
2 ± 1.3
- b
1 ± 1.2
1 ± 1.4
±
±
2
1 ± 1.7
1.2
2
-a
1.5
425/425g
2 ± 1.3
2 ± 1.6
1 ± 1.4
- b
2 ± 1.1
2 ± 1.3
1 ± 1.3
-a
600/600g
1 ± 1.4
2 ± 1.3
-b
3 ± 1.5
2 ± 1.4
2 ± 1.2
3 ± 1.4
-a
680/680g
2 ± 1.0
2 ± 1.8
2 ± 1.3
- b
2 ± 2.0
1 ± 1.1
-a
3 ± 1.6

WEIGHT COMPARISON: unequal pairs
Before and After means from weight comparisons of unequal pairs, for three
experimental groups. Column R (right) lists mean number of correct responses out of
five trials; bracketted columns E (equal) and W (wrong) list mean number of the two
types of incorrect responses.
RESISTANCE
CONTROL
KINAESTHETIC
(E
W)
R
(
E
W
)
R
(E
W)
100/105g
49:51%;
(2.0 1.0)
2.0
( 1 . 8 1.1)
2.1
(2.9 0.7)
- b
1.4
/
1 Q
1 n\
/H Q ^ A \
/o o n o\
-1 -7
2.1
280/2749
49:51%;
( 1 . 4 0.9)
2.7
2.5
( 1 . 3 1.2)
(2.3 0 . 7 )
- b
2.0
( 1 . 4 1.0)
2.6
2.9
(1.7 0.8)
(1.1 1.0)
-a
2.5
394/418g
49:51%;
(1.6 1.1)
2.3
( 1 . 2 1.3)
2.5
(2.6 0 . 5 )
- b
1.9
(1.2 1.2)
2.6
( 1 . 4 1.3)
2.3
(2.0 0.9)
-a
2.1
641/682g
48:52%;
(0.6 1.1)
3.3
2.5
( 1 . 3 1.2)
( 2 . 0 1.1)
- b
1.9
(1.2 1.6)
2.2
(
1
.
5
1.8
1.7)
(2.1 0 . 9 )
-a
2.0
252/274g
48:52%;
(1.2 1.0)
2.7
( 1 . 4 0.7)
2.9
(2.1 0 . 6 )
- b
2.3
(1.0 0.4)
3.6
( 1 . 4 1.0)
2.6
(1.9 1.3)
-a
1.8
159/176g
47:53%;
(1.7 0.7)
2.6
2.4
( 1 . 5 1.1)
(1.9 0.6)
-b
2.5
(1.0 0.7)
3.3
( 1 . 6 0.9)
2.5
1.7
1.0)
-a
2.3
^

.

.

V

47:53%;

100/Illg

-b
1.7 (2.6 0.6)
-a
2.2 (2.3 0.5)
1130/1258g
47:53%;
-b
2.1 (2.6 0.3)
-a
2.4 (2.1 0.5)
47:53%;
176/200g
- b 2.1 (2.3 0.6)
-a
2.2 (2.1 0.7)
46:54%;
600/682g
- b 2.5 (2.3 0.2)
-a
2.7 (2.0 0.3)
46:54%;
452/521g
- b 2.6 (2.0 0.4)
-a
3.3(1.5
0.2)
46:54%;
302/349g
- b 2.6 (2.0 0.4)
-a
2.7 (1.5 0.8)
45:55%;
100/125g
- b 2.6 (2.1 0.3)
-a
2.6 (2.4 0.0)
159/202g
44:56%;
- b 3.7 (1.1 0.2)
-a
3.3 (1.6 0.1)
42:58%;
300/400g
- b 4.1 (0.8 0.1)
-a
4.7 (0.3 0.0)
400/600g
40:60%;
- b 4.8 (0.2 0.0)
-a
4.4 (0.4 0.2)
100/155g
39:61%;
- b 4.1 (0.8 0.1)
-a
4.1 (0.8 0.1)
111/200g
36:64%;
- b 4.8 (0.1 0.1)
-a
4.9 (0.0 0.1)
159/300g
35:65%;
- b 4.9 (0.1 0.0)
-a
4.7 (0.2 0.1)

2.9
2.9
2.5
2.5
2.9
2.8
3.5
3.8
3.3
3.5
3.1
2.9
3.6
3.3
3.9
4.2
4.3
4.4
4.7
4.8
4.8
4.3
5.0
4.9
4.8
5.0

(1 .4
(1.4
(1 .3
(1 .4
(1 .2
(1.8
(1.0
(0.8
(1 .2
(1.1
(1.1
(1 .5
(0.8
(1 .2
(0.7
(0.6
(0.5
(0.4
(0.2
(0.2
(0.2
(0.6
(0.0
(0.0
(0.0
(0.0

0.7)
0.7)
1 .2)
1 .1)
0.9)
0.4)
0.5)
0.4)
0.5)
0.4)
0.9)
0.6)
0.6)
0.5)
0.4)
0.2)
0.2)
0.2)
0.1)
0.0)
0.0)
0.1)
0.0)
0.1)
0.2)
0.0)

2.4
2.9
3.0
2.7
3.3
2.4
2.7
3.7
3.4
3.9
3.7
4.0
3.4
3.6
4.1
4.0
4.8
4.6
5.0
4.9
5.0
4.5
4.9
4.9
4.9
5.0

(1 .4
(1 .4
(1 .2
(1 .4
(1 .3
(2.0
(1 .3
(0.9
(1.0
(0.4
(0.9
(0.7
(1.5
(0.7
(0.6
(0.9
(0.1
(0.1
(0.0
(0.1
(0.0
(0.4
(0.0
(0.1
(0.0
(0.0

0.1)
0.0)

- D

4.y

(U.l

u.u;

4.Ö

(U. f

u. !;

34:66%;

-a

4.Ö

4.8

100/200g
{[J. ^ u . 1 ;

(0.2 0.0)

4.8

(0.2 0.0)

5.0

1.2)
0.7)
0.8)
0.9)
0.4)
0.6)
1.0)
0.4)
0.6)
0.7)
0.4)
0.3)
0.1)
0.7)
0.3)
0.1)
0.1)
0.3)
0.0)
0.0)
0.0)
0.1)
0.1)
0.0)

(0.0 0.0)

